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FRONTISPIECE. 

Map  op  India, 

The  bUck  shading  indicates  the  Himalayan  and  Palearotio  portions 
to  the  North  and,  in  India,  areas  above  the  dividing  line  of  tropical  and 
sttb-tropical  India,  usually  ilik>ve  2,000  feet.  The  dotted  black  line  to  the 

North  is  the  political  boundary,  inolosive  of  Cashmir  and  Sikkim.  *  The 
red  lines  and  letlering  indicate  the  fauaal  cones  of  Tropical  India  as 
described  in  the  Section  on  Geographieal  Distribntioa  below.  The  dotted 

lines  dividing  the  West  Coast  indicate  probable  snb-r^ions  and  correspond 
to  the  Palghat  and  Gtoa,  f[ap8  in  the  Ghauts.  Sub-tropical  faunal  cones  are 
not  indicated. 
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trat,ion>  marked  I.  M.  N.  arc  from  the  stock  of  dru\vinf!;.s  accumulated  l>y 
my  predecesijor.s  in  the  Indian  Museum,  and  used  in  Indian  Museum 

Notes  Those  marked  F.  M.  H.  have  heen  drawn  hy  Mr.  Howlctt. 
who  has  directed  the  preparation  of  those  illustratin<;  the  sections  he 

has  written.  Where  not  otherwise  acknowledged,  all  the  jdates  and 

illustrntions  are  the  work  of  the  Artist  statf  of  this  Institute  nn<ler  iii_\ 

or  Mr.  Howlett's  direction  ;  it  may  he  pointed  out  that  these  artists  are 
wholly  Natives  of  India,  trained  in  Art  Schools  of  this  country  ;  it  is 

needh'ss  to  emphasise  how  muc-li  the  hook  owes  to  their  heautiful  work 
as  also  to  the  enterprise  of  the  publishers,  who  have  done  the  woik  oT 
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As  rejjards  the  text,  it  is,  where  not  stated  to  be  a  (jnotalion,  orifj- 
inal  :  1  have  acknowledged  every  ilireet  source  of  information.  The 

book  owes  somethinf;  to  the  work  of  my  staff,  since  il  i~  l)ased  on  the 

I'usa  collections  to  whieli  they  iuive  contributed  specimens  and  oliserv- 
ations.  I  have  acknowledf>ed  this  where  I  can.  The  v<diime  is 

largely  a  product  of  my  spare  time  and  scanty  holiday-  ;  such  a  voliinie 

lias  been  so  imicli  required  that  1  Jiave  i'elt  thut  even  an  inij>crfcc( 
one  was  better  than  none.  8ix  years  ago  the  work  of  tliis  section 

commenced  and  if  the  book  contains  imperfections,  the  critic  will  recog- 
nis*'  that  it  is  ba>ed  on  collections,  observations  and  reierence  liooks 

that  have  been  accuiuuhded  only  in  that  short  time  :  I  ,-ba\l  be  ̂ lud  if 
those  who  see  omissions  or  errors  will  point  them  out,  as  it  may  be  that 

a  better  volume  will  be  built  up  on  this  basis  when  the  study  of  Indian 

Entomology  is  further  advanced.  I  may  also  emphasise  the  fact  that 
where   little   is    said,    little   is    known   and    the   blanks    in   the  book  are 
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Tlje  following  is  a  complete  list  of  the  families  into  which  insects  are 

divided,  tabulated  under  orders.  The  families  in  heavy  type,  thus 

ForfioulldsB  should  be  familiar  ;  those  in  ordinary  type,  thus  Campodrida', 
are  of  smaller  importance  but  occur  in  India  :  those  in  italics,  thus 

Smynthuridw,  are  not  yet  known  to  occur  in  India. 
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INDIAN    INSECT    LIFE. 

INTRODUCTION. 

The  insects  are  tracheate,  hexapodous  arthropoda,  with  a  distinct 

head  bearing  antenna,  with  a  great  degree  of  complexity  in  their  devel- 

opment during  which  a  series  of  moults  are  undergone,  culminating  in 

the  appearance  of  functional  generative  organs  and  wings  ;  in  the  higher 
forms,  the  development  is  sharply  divided  into  three  distinct  periods, 
the  last  of  which  is  marked  by  the  inactivity  of  the  organism  as  a  whole 

and  the  complete  reorganisation  undergone  by  the  tissues ;  they  are 

essentially  air-breathing  animals,  living  on  land,  but  some  have  become 
adapted  to  living  in  fresh  water.  The  number  of  jointed  legs  separates 

them  clearly  from  other  tracheate  Arthropods,  just  as  the  metamorpho- 
sis, the  possession  of  wings  and  the  form  and  the  number  of  segments 

does.  They  are  regarded  as  being  most  closely  related  to  Peripatus  of 

all  present  forms  of  life,  and  undoubtedly  represent  a  great  branch  of 

the  tree  of  life  whose  development  equals,  if  not  excels,  that  of  any  other 

branch.  In  numbers,  in  species,  in  all  but  one  form  of  mentality,  the 
insects  are  the  dominant  form  of  life  on  the  land  at  the  present  time,  but 

the  limitations  put  on  them  are  of  such  a  nature  that  their  dominance 
must  remain  within  bounds  and,  unless  man  be  removed,  cannot  be 
actual  and  entire. 

Insects  are  of  all  sizes  from  sV^h  i^^ch  long  to  over  six  inches ;  their 

numbers  are  incalculable,  the  number  of  their  species  being  put  at  about 

three  millions ;  their  lives  are  very  short,  (a  week,)  up  to  as  long  as  over 

ten  years,  though  rarely  actually  exceeding  more  than  three  years,  and 

being  in  the  larger  number  limited  to  an  active  life  of  less  than  three 

months.  On  the  surface  otthe  earth,  as  in  fresh  water,  they  are  found 

wherever  nutriment  is  available,  even  in  the  bodies  of  warm-blooded 

animals  and  man  ;  over  the  three-fourths  of  the  earth's  surface  covered 

by  the  sea  they  are  practically  non-existent,  a  very  small  number  of 

IIL  1 



INTKOnUCTlON. 

species  being  able  to  support  life  near,  in  or  on  the  sea.    Their  position 
in  the  animal  world  is  shown  in  the  table  :— 

Pbotozoa. 

PoBiFERA  (Sponges). 

CffiLENTKRATA  (Anemones,  etc,). 

Ctenophora  (Jelly-fish.  etc.). 

EoHiNODERMATA  (Sea-urchins  and  starfish). 
Vermes  (Worms). 

POLYZOA. 

Arthrofoda. — Crustacea  (Lobsters,  etc.) 
Prototracheata  (Peripatus). 

Myriapoda  (Centipedes  and  millipedes). 
Inseota  (Insects). 

Arachnida  (spiders,  mites,  scorpions,  etc.). 
MoLLTJSCA  (Snails,  etc.). 

Brachiopoda. 

Chordata. — Hemichordata. 
Tunicata. 

Cephalochordata. 
Craniata.    Cyclostomata. 

Pisces  (Fish). 

Amphibia  (Frogs). 

Reptilia  (Snakes,  etc.). 
Aves  (Birds). 

Mammalia  (Mammals). 

Economically,  the  insects  are  the  most  important  group  of  animals 
next  to  the  Mammals,  Birds  and  Fishes.    Their  activities  affect  man 

daily,  either  from  the  nature  and  extent  of  their  injuries  to  economically 
valuable  plants,  or  to  domestic  animals,  or  to  wild  animals,  or  to  stored 

produce,  or  from  their  value  in  yielding  useful  products ;  or  from  the  part 

they  play  in  the  economy  of  nature,  in  fertilising  flowers,  in  scaveng- 

ing and  cleansing  the  earth,  in  rendering  waste  matter  available  as  plant 

food,  in  preserving  the  condition  of  the  soil  and  in  furnishing  food  for 
birds  and  fishes. 

Instinct  and  Habit.— What  is  the  life  of  an  insect  ?    In  what  way 
o«Q  it  be  compared  with  our  own  or  with  the  life,  for  instance,  of  any  of 



INSTINCT    AND    HABIT.  'A 

the  animals  familiar  to  us  ?  No  answer  can  be  easily  given,  for  the 

senses,  the  instincts,  the  modes  of  expression  of  insects  are  so  totally 
diverse  from  our  own  that  there  is  scarcely  any  point  of  contact.  In 
the  case  of  mammals,  of  birds  and  to  some  extent  of  reptiles,  we  have  in 
the  eyes,  in  the  features  and  in  the  movements,  a  clue  to  their  feelings, 
to  the  emotions  that  sway  them,  to  the  motives  that  guide  their  actions ; 

in  insects  we  have  none,  and  the  great  index  of  insect  feeling,  the  antenna, 

has  no  counterpart  in  higher  animals,  and  conveys  nothing  to  our  un- 
informed brains.  We  can  judge  then  only  from  the  movements  of  in- 

sects, from  their  actions,  and  this  is  so  extraordinarily  meagre  a  clue  that 

it  is  not  surprising  that  even  the  greatest  familiarity  with  the  life  of  an 

insect  inspires  no  feeling  that  one  has  to  do  with  a  live  organism  having 
feelings  and  passions,  having  motives  and  a  will,  but  suggests  that  one 
has  before  one  a  beautiful  machine,  tuned  to  respond  mechanically  to 
certain  outside  stimuli,  to  answer  to  particular  influences  and  to  behave 

in  all  things  as  a  perfect  mechanical  structure ;  even  the  highest,  the 
social  insects  and  the  fossorial  wasps,  inspire  no  other  feelings,  give  one 

no  sense  of  any  relations  between  the  individual  insects  but  those 

mechanical  ones  concerned  with  daily  life,  and  leave  one  with  the " 
conviction  that  the  mentality  of  the  higher  animals  is  wholly  absent, 

that  no  smallest  trace  of  the  emotions,  of  the  will,  of  the  thought 
processes  of  ourselves  or  other  mammals,  have  any  part  in  the  lives 
of  insects.  Yet  there  are  events  in  the  lives  of  insects  which,  for  a 

brief  moment,  impress  us  with  the  conviction  that  individuality,  emotion 

and  feeling  may  play  their  part ;  and  though  we  see  this  exceedingly  seldom, 

the  few  suggestive  phenomena  may  be  sufficient  to  warrant  the  assump- 
tion that  in  ways  we  cannot  comprehend,  in  channels  that  are  beyond 

our  ken,  the  living  active  insect  is  in  touch  with  every  other  living  insect 

in  its  environment,  by  mental  and  physical  processes  that  make  no  out- 
ward sign,  that  may  proceed  independently  of  any  external  sense  organ 

that  we  can  see  or  study  and  which  possibly  pass  from  mind  to  mind 

with  no  outward  physical  action  or  movement ;  what  occurs  when  bees 

swarm,  when  locusts  swarm,  when  the  white  ants  emerge  from  the  nest, 

when  a  stray  bee  from  one  nest  enters  another  and  is  promptly  attacked 

and  killed  ?  Are  these  wholly  due  to  reflex  actions  and  mechanical 

instincts,  or  are  they  the  product  of  an  individual  will  and  mind  in  each 

and  every  insect ;  a  locust  swarm  may  be  the  product  of  a  blind  impulse 
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sweeping  over  a  host  of  insects  just  as  a  blind  impulse  ranges  through 
a  crowd  of  human  beings  by  means  which  are  certainly  not  normal  or  in 

daily  use ;  the  emergence  of  the  flying  ants  suggests  a  similar  blind  im- 
pulse, an  unreasoned  compliance  with  fixed  instincts  like  the  blowing  up 

of  a  boiler  when  certain  phA'siral  conditions  are  arrived  at ;  do  the  ants 
have  councils  and  decide  when  the  nest  shall  be  moved  to  a  new  locality, 

or  is  it  simply  the  common  impulse  of  the  community,  simultaneously 
hotn  of  the  same  reaction  to  certain  physical  conditions  ?    So  wide 
apart  are  our  senses  from  those  of  insects,  so  divergent  are  our  means  of 
expression,  and  the  mechanism  of  our  bodies,  that  no  answer  can  be 

given  to  these  questions ;  we  cannot  establish  any  connection  with  the 
individuality  of  insects,  we  can  get  no  common  basis  of  thought,  no  pos- 

sible means  whereby  even  to  ' '  tame  ' '  them  or  to  get  even  so   little 
response  to  our  efforts  as  a  tame  bird  will  give.    To  us,  the  closest  study 
of  large  numbers  of  the  same  species  reveals  no  individuality,  nothing 

but  a  mechanical  sameness  in  a  large  number  ;  perhaps  this  is  because 
we  cannot  get  near  enough ;  to  the   ordinary  man,    sheep  are  sheep 

and  while  differing  in  small  points  are  alike  ;  to  the  shepherd  they  are  as 

•  individual  as  human  beings  and  have  a  similar  mental  individuality ;  I 
have  never  seen  that  this  was  the  case  with  insects,  and  none  that  have 
been  kept  in  activity,  fed,  cared  for  and  most  closely  observed,  have 
shown  more  than  very  small  traces  of  individual  mentality  or  even 
responded  to  advances.     (That  this  is  not  the  view  every  author  takes 
is  evident  from  the  writings  of  naturalists  who  state  that  butterflies  in 

particular  become  tame  and  welcome  their  captor's  visits ;  but  these 
cases  are  not  sufficiently  numerous  or  well  authenticated  to  be  valid.) 
It  is  not  unreasonable  to  consider  that,   in  freedom  and  living  under 
natural  surroundings,  nearly  every  insect  is  solitary ;  an  individual  insect 
appears  to  take  no  notice  of  any  other,  save  such  as  it  may  prey  on  or 
parasitise ;  it  goes   about  its  basiness  of  food-getting  and  the  like,  it 
makes  no  smallest  sign  that  it  is  aware  of  the  existence  of  any  other 

insect,  and  so  far  as  can  be  judged  from  its  actions,  is  leading  an  abso- 
lutely and  wholly  solitary  life  ;  there  are  exceptions,  of  course,  but  very 

few ;  the  social  insects  are  apparent  .exceptions,  but  even  there  it  is 

extremely  doubtful  how  far  individuals  are  not  isolated  ;  they  work  to- 

gether it  is  true,  but  in  a  manner  that  suggests  two  machines  under  the 

8ame  controlling  conditions,  not  two  sentient  reasoning  organisms  acting 
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uninhabitable  to  any  form  of  life  inimical  to  them ;  an  organised  cam- 
paign of  the  common  black  ant  (Camponotus  compressua)  could  effect  a 

great  deal  and  human  methods  of  warfare  would  require  to  be  revo- 
lutionised to  deal  with  it. 

In  practice  we  can  consider  insects  as  consisting  of  organisms  whose 

actions  will  be  definite  responses  to  stimuli,  whose  movements  and  acti- 

vities will,  under  the  same  circumstances,  be  the  same  ;  given  the  same 
conditions,  all  the  individuals  of  a  species  will  behave  alike  with  only 
very  minute  variations  which  we  have  great  difficulty  in  seeing.  If  we 
find  that  one  of  a  species  has  a  certain  definite  life  history  we  are  safe  in 

concluding  that  under  the  same  circumstances  all  of  that  species  will 
have  the  same  life  history  and  that  with  a  given  departure  from  normal 
circumstances  all  will  behave  alike ;  when  we  have  worked  out  the  life 

history  and  habits  of  one  of  a  species,  we  can  confidently  assert  that  all 
will  have  that  life  history,  with  only  small  variations  due  to  changed 

conditions  ;  a  leaf-eating  caterpillar  that  feeds  on  maize  leaf  in  Behar, 
might  quite  well  feed  on  juari  leaf  in  Gujarat  where  maize  is  not  grown, 

but  it  would  not,  for  instance,  become  a  borer  in  the  Punjab  and  a  pre- 
daceous  caterpillar  in  Madras.  We  may,  therefore,  treat  a  species  as  an 

individual,  and  not  expect  to  find  different  habits  in  different  indivi- 
duals of  the  same  species.  At  the  same  time  we  must  allow  for  the 

variation  consequent  on  changed  conditions ;  the  limit  of  adaptation  to 

changed  conditions  is  a  very  variable  one ;  as  an  example,  many  cater- 
pillars have  but  a  very  few  foodplants  and  cannot  live  on  others  ;  a  few 

have  ipany,  and  the  Gram  Caterpillar  {Chlondea  obsoleta)  feeds  on  the 
seeds  of  gram,  the  heads  of  opium  poppy,  the  heads  of  bajra  or  sunflower 
and  a  variety  of  other  plants ;  in  the  United  States  it  is  the  boll  worm 

feeding  on  the  seed  of  cotton  and  accordingly  has  slightly  different  habits ; 
in  this  there  is  a  certain  amount  of  variation  in  habits  due  to  changed 

foodplants.  ̂ Such  cases  are  frequent,  but  the  variety  of  habits  lies  with- 
in perfectly  clear  and  definite  limits,  varying  slightly  from  species  to 

species.  On  the  above  reasoning,  a  species  is  definable  not  only  on 
Btmctural  characters  but  also  on  its  habits  and  mode  of  life ;  if  we  look 

on  a  species  as  composed  of  individuals  reacting  mechanically  to  stimuL', 
with  a  limited  play  of  adaptation  to'  changing  conditions,  habits  and 
mode  of  life  are  as  much  specific  characters  as  is  structure ;  if  our  struc- 

tural distinctioiui  are  sound,  they  will  be  in  agreement  with  habits  and 
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in  ajpeement  due  to  any  mental  process.    The  same  is  true  of  termites, 

of  locusts,  of  all  the  social  insects  which  exhibit  such  wonderful  phenomena. 

The  Pyrrhocorid  Iphita  limbata  is  gregarious  and  lives  in  colonies  on  the 

bark  of  trees;  is  there  any  communication,  any  individuality,  any  mental 

process  other  than  a  blind  reaction  to  some  outside  stimulus,  under  which 

all  alike  find  that  a  particular  spot  is  perhaps  the  warmest  or  the  best 

suited  for  some  such   reason  ?     There   are  other  exceptions  which  are 

perhaps  more  valuable ;  the  courtship  of  butterflies  is  a  beautiful  thing, 

suggesting  two  perfectly  happy  beings  enjoying  to  the  full  the  delights 

of  each  othc's  company  and  the  perfect  happiness  of  the  crowning 

moment  of  life;  there  is  no  doubt  of  their  being  aware  of  each  other's 
presence,  but  the  cold  thouglit  creeps  in  that  it  is  after  all  a  mechanical 

process,  born  of  peculiar  instincts,  with  nothing  more  ' '  living ' '  than 
the  reaction  of  two  parts  of  an  engine.    The  dances  of  flies  and  other 

small  flying  insects  suggests  mentality,  social  insects  thoroughly  enjoy- 

ing each  other's  company  and  the  extraordinary  pleasure  that  human 
beings  find  in  concerted  movement ;  it  is  possible  that  we  can  compare 

insects  with  ourselves  in  tliis  respect,   but  the  balaiice  of  evidence  is 

certainly  against  it ;  one  comes  inevitably  to  the  feeling  that  insects  are  a 

supreme   expression  of    living    matter    adapted    and    co-ordinated   to 

physical  conditons,  responding  perfectly  to  mechanical  stimuli,  without 

mind  or  mental  processes  as  we  know  them  and  as  we  can  see  them  in  birds 

and  mammals  ;  they  are  the  highest  expression  of  life  as  evolved  by 

natural  processes,  perfect  machines  without  emotions.    No  thinking  man 

questions  the  existence  in  higher  mammals  of  mind-processen  akin  to  our 
own  if  far  lower,  of  some  slight  evidences  of  that  higher  mentality  we 
call  the  soul,  and  which  we  hold  to  be  the  essential  life,  for  which  the 

objective  life  and  the  material  body  is  but  a  case.     No  one  would  credit 

an  insect  with  such  forms  of  mentality,  and  the  most  sympathetic  student 

of  insect  life  has  not  advocated  such  a  point  of  view.     An  insect  is  a 

living   machine,   responding   to   definite  physical    stimuli,  with  well- 

defined   and  very  complex  instincts,   which  are  mechanical  forms  of 

mental  action  and  take  their  origin  in  outward  conditions.    Were  they 

possessed  of  higher  forms  of  mentality,  such  as  reason,  judgment,  voli- 

tion and  the  like,  no  one  can  say  what  might  be  the  course  of  the  world's 

history ;  a  combination  of  the  red  ants  {(Ecophylla  smaragdina)  could 

probably  drive   human  beings  out  of  India  and  render  the  continent 
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life  history,  and  the  one  aspect  is  as  important  as  the  other.  Our  know- 
ledge of  structure  is  far  greater  than  our  familiarity  with  the  habits  of 

insects,  but  the  latter  will  increase.  Tt  is  all  important  for  the  student 

to  grasp  clearly  from  the  beginning  that  a  "  species"  is  a  distinct  indivi- 
dual as  much  in  habits,  mode  of  life  and  all  details  of  its  life  as  in  its 

colour,  form,  or  any  structural  detail  on  which  it  is  declared  to  be  a 

distinct  species.  We  are  here  far  more  concerned  with  the  living  insect 

as  a  living  reality  than  with  the  dead  shell  on  which  its  place  in  the 
insect  world  is  determined  and  on  which  it  is  described  and  named ;  the 

characters  of  the  living  insect,  its  method  of  flight,  its  walk,  its  feeding 
habits,  its  expressive  antennal  movements,  all  the  details  of  its  daily 

life  are  of  as  great  value  as  its  structure  and  are  of  far  greater  importance 

to  us  in  these  pages  ;  a  realisation  of  this  fact  and  an  understanding  of 
what  a  species  really  is,  must  come  to  every  student  sooner  or  later  if  he 

is  to  become  anything  more  than  a  systematist  and  a  classifier  of  insects 
on  purely  structural  details;  the  individuality  of  a  species  is  as  much 
discernable  in  the  field  as  in  the  museum  and  takes  in  every  detail  of 
the  insects  life.  For  that  reason,  we  have  considered  this  abstruse  point 

at  some  length  and  we  would  emphasize  the  point  of  view  given,  though 

it  may  seem  at  first  sight  an  incorrect  one.  Variations  in  habits  between 
two  members  of  a  species  are  so  small  that  what  we  find  out  of  a  single 

individual,  applies  to  every  individual  of  that  species  with  due  allow- 

ance for  variable  conditions  ;  a  very  large  part  of  our  work  lies  in  deter- 
mining how  far  different  conditions  modify  the  habits  of  an  insect  and 

the  limits  of  this  variation  are  becoming  clearly  established;  if,  therefore, 

the  habits  of  an  insect  are  .observed  in  Peshawar,  we  know  that  the 

individuals  of  that  species  will  have  in  the  main  the  same  habits  at 

Madras,  that  we  can  predict  the  variations  likely  to  be  found,  and  that 

if  we  knew  enough  we  could  absolutely  say  how  far  they  would  differ. 

We  may  touch  very  lightly  upon  one  more  point ;  whence  come  the 

instincts  and  beautiful  habits  of  our  present-day  insecte  ?  According 
to  the  accepted  theories  of  evolution,  insects,  like  other  animals,  are 

descended  from  more  primitive  forms  of  life  which  existed  in  earlier 

geologic  periods;  if  we  imagine  the  primitive  types  of  insects  being 

evolved  and  multiplying,  and  supposing  them  to  feed  on  the  abundant 

decaying  vegetable  matter,  we  shall  get"  a  great  development  of  simpler 
forms  scattered  over  large  areas  of  land,  and  living  in  a  diversity  of  physi- 
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cal  conditions ;  remembering  their  less  specialised  and  complex  structurei 
we  can  see  that  the  influence  of  altered  conditions  might  produce  great 

variations  in  structure,  in  habits,  in  life  history ;  the  pressure  of  com- 
petition would  arise,  supposing  there  were  fewer  checks ;  (what  checks 

there  may  have  been  is  doubtful  but  both  parasitic  and  predaceous 
insects,  as  well  probably  as  insectivorous  birds  arose  later  and  these  are 

now  the  main  checks) ;  some,  from  feeding  on  decaying  vegetable  matter, 
might  come  to  feed  on  decaying  animal  matter,  with  a  consequent 

change  of  habits,  of  structure,  of  senses,  possibly  of  life  history ;  others 

might  find  growing  plants  provided  an  ample  supply  of  food  and  then- 
descendants  gradually  get  modified  to  suit  these  circumstances  ;  in  time 

we  can  imagine  some  becoming  predaceous,  the  descendants  perhaps 
of  insects  that  fed  on  dead  insects  ;  we  can  still  see  the  stages  between 

land  and  aquatic  insects,  and  it  requires  little  imagination  to  picture 

the  necessary  gradations  from  an  insect  feeding  on  decaying  leaves  by 
a  riverside,  to  one  that  entered  the  river  water  and  found  its  food 

there.  Given  a  plastic  structure  capable  of  modification,  granted  grow- 
ing competition  and  a  free  unoccupied  field,  one  oar  readily  see  how, 

in  earlier  age«,  the  various  groups  may  have  arisen  ;  with  the  alter- 
ing conditions  of  successive  geologic  periods,  with  the  evolution  of 

higher  plants  and  animals,  with  alterations  of  climate  and  natural  con- 

ditions, one  can  realise  how  the  diversity  of  forms  of  insect  life  would 
be  evolved.  That  this  has  occurred  with  other  forms  of  life  one  can 

read ;  that  the  steps  cannot  be  traced  so  clearly  in  insects  is  due  to 
the  imperfection  of  the  geological  record,  insects  being  small,  soft  and 
not  so  fitted  for  preservation  as  are  bones  or  shells.  Granting  that  in 
previous  ages  this  occurred,  and  seeing  the  present  dominance  of  insect 

life  on  the  earth  and  in  fresh  water,  it  is  easy  to  see  that  the  competition 

might  be  so  severe  that  more  and  more  complex  structures,  instincts 
and  habits  might  be  evolved  leading  steadily  away  from  plasticity  to 
more  and  more  fixed  and  unalterable  types ;  the  more  primitive  and 

simple  insect  feeding  on  decaying  leaves,  having  simple  biting  mouth- 

parts,  laying  eggs  in  the  ground,  requiring  no  special  colouring  or  pro- 
tective devices  disappeared ;  predaceous  insects  require  more  complex 

trophi ;  quick  flight  necessitates  better  wings  and  a  more  consolidated 

thorax;  protection  from  birds  implies  protective  attitudes,  colouring 

or  form,  and  may  require  possibly  the  nocturnal  habit,  which  implies 
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universal  occurrence  on  land  and  in  fresh  water,  the  extraordinary 

variety  in  habits,  food  and  ways  of  life,  as  compared  with  any  other 
group  or  with  all  groups  together,  we  can  see  that  in  no  other  class  in 
the  animal  world  is  competition  so  keen,  are  instincts  and  habits  so 
fixed,  is  the  whole  of  life  for  each  species  so  unalterable  and  delicate. 
Insects  have  lived,  have  dominated  the  earth,  have  become  what 

we  see  them  by  carrying  to  an  extreme  the  principle  of  adaptation  to 
circumstances,  of  making  the  most  of  natural  conditions  ;  man  has 

become  what  he  is,  because  he  has  carried  to  an  extreme  the  principle  of 

adapting  natural  conditions  to  himself  while  only  adapting  himself  to 
them  to  a  limited  extent ;  the  two  classes  dominate  the  land,  and  when 

man  cannot  alter  the  conditions  to  make  life  permanently  bearable, 
insects  can  adapt  themselves  and  do.  But  in  the  process  man  has 

developed  one  form  of  mentality  implied  in  the  terms  free-will,  choice, 
volition,  while  insects  have  become  perfect  mechanical  structures 
reacting  in  a  definite  way  to  natural  forces  and  stimuli,  their  lives  ruled 

by  fixed  and  most  perfect  "  instincts." 
It  is  not  my  intention  to  give  the  impression  that  instincts  are 

absolutely  fixed  but  only  that  they  are  fixed  as  compared  with  the  plasti- 
city of  earlier  insects  and  as  compared,  say,  with  man.  There  is  a 

certain  latitude  still,  more  in  some  groups  than  in  others,  but  even  in 
them  not  much  and  in  the  most  specialised  probably  very  little.  I 

imagine  that  such  simple  forms  as  Machilis  are  fixed  in  their  simple 
habits  as  compared  with  a  Sphegid  fixed  in  complex  habits,  but  to  both 
there  is  a  certain  small  latitude  within  which  they  can  still  alter.  The 

instincts  of  a  polyphagous  caterpillar  such  as  Chloridea  obsoleta  are  pro- 
bably much  less  fixed  and  specialised  than  are  the  instincts  of  the 

caterpillar  of  Scirpophaga  aurifiua,  for  instance,  and  in  each  case  possibly 
their  degree  of  specialisation,  low  or  high,  makes  for  success,  success 

being  purely  the  ability  to  get  food  and  lay  eggs  freely.  Some  are 
successful  because  they  are  fixed  indelicate  mechanical  instincts,  notably 

the  insect-stinging  wasps  ;  others  are  successful  because  they  can  adapt 
themselves  still  to  a  limited  variation  of  circumstances,  such  as  food, 

temperature,  etc.,  and  they  are  still  to  some  extent  plastic.  But  it  is  a 

very  limited  plasticity,  little  akin  to  the  plasticity  of  the  earlier  forms 
from  which  our  present  insect  life  has  arisen. 

Classification. — ^When   insects  were  first  studied  in  some  detail, 
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better  sense  organs ;  all  crystallises  down  to  a  specialised  form  with 
fixed  instincts.  So  too,  for  instance,  with  parasitic  insects,  the  new 

habits  imply  new  structure,  the  petiolate  body  and  the  ovipositor  are 
developed  to  lay  the  eggs,  and  with  the  necessity  for  flying  by  day  comes 

warning  colouring  and  unpleasant  taste  or  odorous  glands,  since  birds 
are  developed  also  and  are  taking  to  eating  insects.  Consider  a  Sphegid 
catching  live  insects,  paralysing  them,  laying  them  up  for  its  young ; 
imagine  the  development  of  such  forms,  the  gradual  acquirement  of 
more  and  more  perfect  structures,  and  with  them  of  more  and  more  fixed 

instincts  till  we  have  the  perfect  insect,  with  intensely  modified  life 

history,  with  fixed  and  complex  structure  and  with  nearly  all  plagtioUy 
and  power  of  change  gone. 

This  is  the  point  I  wish  to  make ;  we  are  now  at  a  stage  in 

the  earth's  history  when  competition  has  produced  an  amazingly 
complex  number  of  forms  of  insect  life,  which  adapted  themselves  to 

every  condition  of  life  but  that  in  saltwater,  which  have,  by  the  im- 
provement of  more  and  more  perfect  forms,  become  increasingly 

complex,  specialised  and  fixed ;  variation,  except  in  each  special 
direction,  makes  for  destruction  ;  from  the  increasing  competition 

plasticity  is  gone,  the  forms  are  fixed  and  unalterable,  and  what  may 
once  have  been  forms  of  active  mentality  implying  some  choice,  some 
volition,  are  now  fixed  instincts,  crystallised  reflex  and,  possibly, 

voluntary  actions.  It  is  true  that  all  are  not  equally  complex  or  special- 
ised, but  I  believe  it  to  be  true  that  almost  all,  simple  or  complex,  are 

fixed,  are  no  longer  alterable  except  so  minutely  and  so  slowly  that  we 

can  no  longer  see  it.  It  is  questionable  whether  there  is  any  form  with 

which  we  could  people  a  part  of  the  earth,  say  an  island,  that  was  abso- 
lutely devoid  now  of  insect  life,  and  in  which  we  could  see  this  process 

of  differentiation  and  specialisation  take  place,  but  could  we  find  such  a 

form,  could  we  give  it  the  same  free  field  and  let  it  multiply  and  increase, 

we  should  get  a  similar  differentiation  and  an  ultimate  specialisation  of 

equally  fixed  forms. 

The  student  may  read  this  for  himself  at  greater  length  in  text- 
books of  palsBontology,  geology  and  evolution ;  he  must  realise  it  if  he 

is  to  grasp  the  meaning  and  origin  of  the  forms  and  habits  of  insects ; 

and  in  no  other  group  is  it  so  marked  as  in  insects ;  when  we  consider 
the  abundance  of  forms  of  life  in  the  insect  world,  their  absolutely 



CLASBtFICATlON.  11 

the  complexity  of  the  increasing  number  of  recorded  species  led  to  a 

system  of  grouping,  say,  the  beetles  under  one  title,  the  moths  and  butter- 
flies under  another,  and  so  on,  the  insects  most  obviouslysimilar  being 

put  into  one  group  chiefly  as  a  matter  of  convenience.    As  the  subject 
grew,  the  morphological  characters  of  the  collected  insects  were  utilised 
to  an  increasing  extent,  and  the  more  the   number  of  known  insects 

increased,  the  more  minute  and  detailed  was  this  classification.    When 

the  evolution  theory  was  accepted,  it  was  evident  that  every  scrap  of 

available  information  would  be  required  to  give  data  on  which  to  make 

a  natural  grouping  of  insects ;  what  was  the  origin  of  insects  ?  from 

what  had  they  developed  ?   how  far  had  different  insects  remained 

for  a  long  period  in  the  same  condition,  and  how  far  was  the  evolution 

either  continuing  still  or  had  it  been  continuous  up  to  the  recent  past  ? 

These  were  the  questions  to  be  answered,  and  the  answer  is  embodied 

in  the  present-day  system  of  classification  which  is  believed  to  be  so  far 

natural  that  it  conforms,  as  far  as  possible,  to  the  actual  developments 

of  insects  during  the  earth's  history  and  does  represent  actual  relation- 

ships.   On  these  terms  all  the  members  of  one  group  are  more  closely 

interrelated  than  each  one  is  to  any  other  insect  not  in  that  group. 

In  making  this  classification,  there  are  practically  three  main  sources 

of  evidence :  (1)  the  morphology  of  the  insect  in  all  its  stages  ;  (2)  the 

processes  of  embryological  and  post-embryological  development ;  (3) 

the  evidence  of  fossil  and  extinct  insects. 

In  the  beginning,  the  first  alone  was  utilised,  and  it  is  still  the  main 

source  of  information;  at  first  superficial  characters  were  used,  t
hen 

more  detailed  ones  such  as  the  structiu:e  of  the  trophi,  finally  the  fu
ller 

evidence  afforded  by  all  parts  of  all  stages  is  being  utilised,  though  thi
s  is 

by  no  means  near  completion.    The  second  has  been  utilised,  but
  not  to 

a  great  extent.    The  third  has  been  utilised  as  far  as  it  is  availabl
e,  but 

the  geological  record  is  scanty,  and  what  there  is,  is  very  imp
erfectly 

available  as  yet.    There  is  a  great  bulk  of  literature  on  this  quest
ion,  and 

it  is  impossible  to  more  closely  enter  into  the  subject  here.    
How  little 

is  really  known  can  be  gauged  from  the  great  changes  made
  in  the  classi- 

fication  of  Heterocera,  for  instance,  as  weU  as  from  th
e  fact  that  ento- 

mologists  have  arrived  at  no  definite  conclusions  w
hich  are  generally 

accepted     The  most  diverse  views  prevail,  and  there  is 
 no  standard  classi- 

fication that  is  or  can  be  universally  employed  even  if  it  be  
admittedly 
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not  academically  accurate,  but  sufficiently  so  foi  practical  purposes.  As 
knowledge  grows,  as  groups  are  revised,  new  views  are  expressed,  new 
systems  adopted.  This  would  matter  little  if  there  were,  for  instance, 
agreement  as  to  one  unit,  say  the  family,  if  it  could  be  decided  that 

Goleoptera,  for  instance,  are  a  homogeneous  group  of  say  80  families ; 

unfortunately  this  is  impossible  at  present.  Actually,  insects  are  prima- 
rily divided  or  have  been  divided  into  primary  divisions  called  orders. 

Thus  Goleoptera  are  a  distinct  enough  order  ;  when  we  go  below  this,  we 

should  have  a  definite  number  of  sub- orders,  each  containing  a 

definite  number  of  families ;  the  sub-family  is  the  next  division 
containing  a  number  of  genera.  Unfortunately  superfamilies,  legions, 
cohorts,  tribes,  etc.,  have  been  used,  and  it  is  rare  to  find  all  authoriticH 

on  an  order  or  sub-order  using  the  same  classification. 

In  this  volume,  we  propose  to  follow  the  Fauna  of  India,  in  using 

the  terms  order,  sub-order,  family,  sub-family,  division,  genus,  species, 
but  as  classification  is  not  our  main  object,  we  can  largely  simplify  the 
system  actually  used  in  the  Fauna. 

Entomologists  have  adopted  the  family  as  the  unit  of  classification 
trpng  to  group  insects  first  into  divisions  which  must  have  had  a 
common  ancestor ;  on  this  basis  we  get  nearly  300  families,  each  of 

which  represents  a  fairly  homogeneous  aasemblage,  derived  from  one 
branch  of  the  tree  ;  the  difficulty  is  greater  when  we  try  to  group  these 
families  to  find  the  main  limbs  of  our  tree  or  to  find  how  many 
separate  limbs  we  should  have,  derived  each  from  some  lower  form  of 

•life ;  for  instance,  Lepidoptera  area  very  homogeneous  order,  the  families 
derived  from  one  branch ;  Orthoptera  on  the  other  hand  are  by  no 
means  uniform,  and  so  far  as  can  be  seen,  the  order  instead  of  coming 

from  one  branch  may  really  come  from  three  ;  none  the  less,  in  the 
absence  of  sufficient  data  to  find  really  how  many  branches  there  are, 
the  order  Orthoptera  as  here  adopted  is  a  very  convenient  one.  Our 

nine  orders  are  constituted  then  with  a  regard  both  to  truth  and  con- 
venience and  a  student  should  think  in  terms  of  families,  grouping  these 

families  into  aggregates  which  we  may  call  sub-orders  and  orders. 
In  practice  we  have  to  utilise  a  conventional  system  that  embodies 

as  much  truth  as  possible  and  which  is  reasonable  for  working  purposes. 

Of  the  nine  orders  we  adopt  here,  seven  are  generally  accepted  by 

entomologists,  but  there  is  great  divergence  of  views  over  the  Neurop- 
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tera.    With  regard  to  this,  the  following  tables  show  the  terms  used  by 
other  authors : — 

Order*. Sub-orders, Families. 

Smitli'H 

orders. 
Wood  worth's 

orders. 

Mallophaga. 

(  Embiidaa,* 

Mallophaga.* 

Corrodentia. 
Pseudoneuroptera <  Termitidie    .. Isoptera 

(  PBOCidH" 
Oorrodentia.* 

Perli  lae 
Plecoptera.* Nburoptera AmphibioHoa     . 

■  Odonata Odonata. Odonata. 

Gpheneridn  , Ephemerida  ... 
Ephempridii. Sialidee 

Platyptera  • Plfliiipennia <  Panorpidte    ., 
Meooptera.* HemerobiidB 
Neuroptera.* 

*  Neuroptera, 

Triohoptera Phryganeidae Triohoptera.* 

We  believe  the  most  logical  and  workable  system  of  insect  classi- 

fication to  be  the  following  : — 

1.  Aptera. 

2.  FORPIOULlBa!. 
3.  Blattid^. 

4.  Orthoptera  (5  families). 
5.  TERMrriDiB. 

6.  Mallophaga. 

7.  PsEUDONBUROPTERA.    (Embiid©,  Psocidee). 
8.  Neuroptera  Amphibiotica. 

9.  Neuroptera  Planipennia. 
10.  Triohoptera. 

11.  Hymenoptera,  Phytophaoa.    (Sessili ventres), 

12.  „  Parasitica. 

13.  „  tubulifera. 

14..          „  aculeata. 
15.  coleoptera. 

1 6.  Lepidoptera. 

17.  Diptera,  Orthorhapha. 

18.  „  Cyclorhapha. 

19.  Siphonapteba. 

20.  Rhynchota,  Hbteroptera. 
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21.  Rhynchota,  Homoptera. 
22.  Phytophthires. 
23.  Anopleura. 

24.  Thysanoptera. 

It  is,  however,  impossible  to  express  accurately  the  relationship 

of  insects  by  adopting  any  one  sub-division  of  equal  value  throughout, 
and  the  student  may  be  warned  against  getting  to  attach  too  much 

importance  to  any  classification  systems  except  as  working  conven- 
tions which  have  as  much  regard  to  truth  as  circumstances  will  allow. 

What  systems  of  classification  we  adopt  is,  in  the  present  state  of 
confusion,  immaterial ;  the  Fauna  covers  only  parts  of  four  orders  and 

we  can  there  adopt  the  system  in  use ;  beyond  that  we  must  unfortu- 

nately anticipate  the  "  Fauna."  The  system  adopted  is  the  following ; 

it  is  as  near  to  Sharp's  insects  as  possible,  and  we  have  contrasted  it 
with  the  system  in  use  in  America  as  a  guide  to  the  student  who  wishes 

to  refer  also  to  American  literature.  We  may  remark  that  classification 
is  not  an  end  in  itsdf  but  is  the  means  to  an  end  ;  with  so  vast  and  com- 

plex a  subject,  it  is  imperative  that  we  should  be  able  to  classify,  to  fix 
the  position  of  an  insect  with  regard  to  its  fellows,  simply  for  ease  of 

working.  Our  main  object  being  the  observation  of  living  insects  as 
they  afFect  man,  classificaton  in  this  case  becomes  necessary  to  enable 
us  to  record  and  collate  our  observations ;  for  this  reason  we  aim  at  a 

simple  system,  on  which  we  can  arrange  our  collections,  file  our  notes 

and,  by  working  with  one  system,  follow  each  other's  work  at  once  with- 
out having  to  readjust  our  ideas  or  bother  more  than  is  necessary  with 

the  way  our  things  are  arranged.  The  insects  in  one  collection  are 
arranged  exactly  as  they  are  in  another ;  a  worker  from  a  distance  can 

take  up  work  in  Pusa  without  mastering  a  fresh  system,  and  whether 
our  classification  be  correct  or  not,  it  is,  and  must  be,  the  standard  and 

will  be,  we  hope,  with  small  modifications,  the  standard  in  India  for 

many  years. 

Number  of  Species. — Blanford  in  1881  published  a  numerical 
enumeration  of  the  known  Fauna  of  liidia  (J.  A.  S.  B.,  p.  263).  He  in- 

cludes Beluchistan,  Kashmir,  the  Himalayas,  Nepal,  Sikkim,  Bhutan, 

Aosam,  British  Burma,  Tennasserim,  Ceylon,   Andamans,  Nicobars, 
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which  is  practically  the  area  now  covered  by  the  ' '  Fauna  of  British 
India."    We  reproduce  his  figures  : — 

Orthoptera 
350  (?) 

1,700 Neuroptera 
350 

400 

Hymenoptera 850 
3,600 

Coleoptera 
4,780 6,000 

Lepidoptera 4,620 10,000 
Diptera 

500  (?) 

1,000 Rhynchota 
G50 

3,000 Total 12,100 29,700 
giving  also  an  enumeration  of  our  own  based  on  the  available  figures. 

Thus  the  Fauna  of  India  and  Hampson's  later  papers  enumerate  about 
8,000  moths,  there  are  about  1,500  butterflies,  and  we  estimate  500 

Tineids,  etc.  Mr.  Distant  has  already  enumerated  2,500  Rhjmchota, 
and  we  anticipate  400  more  with  100  CoccidsB. 

Nomenclature. 

Could  we  divide  all  known  insects  into,  say,  300  families  of  roughly 
1,000  species  each,  and  group  these  systematically,  our  nomenclature 
would  be  a  simple  matter. 

As  we  have  explained  above,  the  general  object  is  to  make  families 
the  basis  of  classification  ;  but  we  have  in  this  volume  to  steer  a  middle 

course  between  the  really  accurate  classification  of  the  pure  systematist, 

which  changes  as  knowledge  grows,  and  the  practical  point  of  rievr  of 
those  for  whom  we  write ;  we  cannot  keep  remodelling  our  arrange- 

ment and  nomenclature.  Odonata,  for  instance,  may  be  a  sub-order 
composed  of  say  seven  families ;  for  us  and  for  all  field  entomologists 
it  is  practically  a  family. 

Whenever  possible,  family  names  end  in—idcB,  sub-family  names 
in — incB,  and  the  names  of  tribes  or  sub-divisions  of  families  in — ini ; 
the  student  must,  however,  remember  that  sub-family  names  frequently 
end  ia—idet ;  and  tribes  in — ines.  It  is  to  be  regretted  that  no  uniform 

system  can  be  introduced,  and  that  were  we  to  rigidly  adhere  to  some 

system  in  this  volume,  the  student  would  be  puzzled  when  reading  foreign 
text-books  or  literature. 

Idbntifioation  of  Spkcimens. — Insects  are  known  by  names,  nomi- 

nally of  Latin  or  Greek  form,  given  to  them  by  the    entomologist 
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who  first  describes  them.  That  is,  every  distinct  species  of  insect  that 
has  been  described  or  accurately  figured  is  designated  by  the  specific 

name  assigned  to  it  by  its  first  describer.  The  problem  then  is,  with 

living  or  preserved  insects  on  one  side,  and  the  mass  of  descriptions  or 
figures  on  the  other,  to  correlate  the  two. 

Only  working  entomologists  ever  realise  the  immense  labour  in- 
volved in  this  work,  except  in  the  case  of  the  fauna  of  a  locality  such 

as  England  where  the  insects  have  been  studied  very  closely,  where 
there  are  ample  books,  and  reference  collections.  Where  one  has  either 

a  description  of  every  species  of  insect  of  a  country  or  a  good  reference 
collection,  identification  is  a  matter  of  so  much  comparison,  but  where  as 
in  India,  the  only  handbooks  contain  descriptions  only  of  part  of  the 

known  insects,  or  where  there  are  no  handbooks  at  all,  only  scattered 
descriptions,  and  where  there  are  no  reference  collections  and  access  to 

the  National  Collections  at  the  British  Museum  is  impossible,  the  actual 
identification  of  an  insect  is  not  an  easy  matter  and  is  not,  as  a  rule,  even 

possible  in  India.  The  question  must  remain  so  until  there  are  complete 
handbooks  such  as  the  Fauna  of  India,  which  are  kept  up-to-date,  and 
also  complete  reference  collections  of  Indian  insects,  accurately  named ; 

progress  to  these  is  being  slowly  made,  but  very  slowly  indeed. 

Actually  if  an  insect  belonging  to  one  of  the  families  described  in 
the  Fauna  of  India  is  sent  in  for  identification,  it  is  examined,  referred 

to  some  division  of  its  family,  worked  out  with  the  generic  key  in  the 

volume  and  compared  with  the  descriptions  in  the  volume  ;  if  it  exactly 
agrees  with  the  description  of  a  particular  species,  it  is  believed  to  be 

that  species  and  is,  if  possible,  compared  with  a  specimen  that  has  been 
identified  by  a  specialist  in  that  family.  If  it  agrees  with  no  species 
in  the  volume,  it  may  be  either  a  species  described  since  the  volume  was 

prepared,  or  a  species  known  from  another  country  but  not  from  India, 
or  a  new  species  ;  to  determine  this  requires  an  expert  knowledge  of  the 

family,  a  complete  literature  of  the  family  and  a  reference  collection. 
On  the  other  hand,  if  a  beetle,  for  instance,  is  sent  in,  it  is  examined, 

referred  to  its  family,  and  comp&red  with  any  accurately  named  speci- 
mens of  its  kind  which  are  available  ;  if  it  agrees  with  none  of  them  it 

must  be  sent  to  a  specialist  in  that  family  who  has  the  literature,  the 

reference  collection,  and,  after  years  of  work  on  that  particular  family, 
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the  requisite  special  knowledge.  If  proper  attention  was  devoted  to 
entomology  in  England,  all  specimens  could  be  sent  to  the  National 
Collection  at  the  British  Musuem  and  there  compared  ;  at  present  this 
is  not  possible,  and  we  are  largely  dependent  on  the  kindness  of 
workers  in  Europe  and  the  United  States. 

It  can  be  seen  that  the  accurate  identification  of  an  insect  is  no  easy 
matter  in  every  case ;  in  many  cases  it  means  months  of  waiting,  and 
even  years,  as  there  are  no  workers  for  a  large  number  of  groups.  As 
an  accurate  identification  is  necessary  before  publishing  matter  about 
any  insect,  this  question  is  one  of  great  importance  ;  a  large  number  of 
insects  have  been  accurately  identified  and  can  be  seen  in  the  Pusa 
Collections  ;  every  assistance  will  be  given  in  identifying  insects,  but  the 
reader  must  realise  what  it  means  and  be  prepared  to  do  the  only  thing 
he  can  to  help,  namely,  to  always  send  enough  good  specimens  to  allow 
of  some  being  sent  on  to  Europe,  if  the  species  is  one  that  cannot  be 
named  from  the  Fusa  Collection.  This  matter  is  discussed  here  because 

requests  are  constantly  received  for  the  name  of  an  insect  of  which 

perhaps  one  mangled  specimen  is  sent,  and  surprise  is  expressed  because 
the  identification  is  not  immediately  forthcoming.  (See  also  Indian 
Insect  Pests,  page  57.) 

Entomology  in  India. — This  volume  has  been  compiled  primarily 
for  the  use  of  students  of  entomology  in  India  and  for  those  interested 
in  the  subject.  A  few  words  as  to  the  present  state  of  the  subject  in 
India  will  not  be  out  of  place. 

Entomology,  as  a  subject,  occupies  the  whole  time  of  one  section 
of  the  Agricultural  Research  Institute,  Fusa,  and  in  this  Institute  alone 

there  are  three  Entomologists  with  English  University  qualifications, 

and  a  staff  of  trained  native  workers.  In  connection  with  this  Institute, 

there  are  a  limited  number  of  entomological  assistants  employed  by 

the  Agricultural  Departments  of  each  province  for  purely  agricultural 

work  and  simple  teaching.  Whilst  the  ultimate  object  of  work  at 

Pusa  is  mainly  agricultural  and  directed  to  useful  practical  ends,  the 

work  must  rest  on  a  scientific  basis,  and  the  collection,  study,  and  classi- 

fication of  all  insects  of  the  agricultural  areas  of  India  is  a  necessary  part 

of  the  activities  of  the  staff.  It  is  open  to  any  worker  in  India  to  visit 

Pusa  or  to  write  there  for  advice  or  assistance,  which  will  be  freely  given. 
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Our  aim  is  to  be  in  touch  with  every  worker  in  India  and  to  invite  co- 

operation and  mutual  help.  Elementary  and  advanced  teaching  in 

entomology  is  also  given  at  Fusa  and  at  no  other  place  in  India  at  the 
present  time. 

For  many  years,  the  Indian  Museum,  Calcutta,  was  the  centre  of 

entomological  work,  where  a  special  staff  was  devoted  to  this  subject, 
including  the  economic  aspect.  At  the  present  time,  the  economic 
work  has  been  transferred  to  Fusa,  and  systematic  entomology  takes 

its  place  as  one  branch  of  the  systematic  zoology  which  forms  the  work 
of  one  section  of  the  Musuem. 

Collections  of  insects  are  preserved  there,  are  constantly  added  to 
and  are  sent  to  specialists  to  Europe,  just  as  the  Fusa  collections  are. 

There  is  a  large  exhibit  collection  open  to  the  public  and  the  reference 

collections,  while  not  open  to  the  public,  are  generally  available  to  work- 
ers in  entomology. 

Forest  entomology  is  solely  dealt  with  in  the  Forest  Research 

Institute,  Dehra  Dun,  by  the  Imperial  Forest  Zoologist  and  his  staff, 
and  all  enquiries  regarding  insects  injujious  to  forests  are  referred  there. 

The  study  of  insects  injurious  to  tea  is  the  work  of  the  Entomologist  to 
the  Indian  Tea  Association  stationed  at  Hilika,  Assam. 

Apart  from  minor  and  inconsiderable  collections  in  Frovincial 

Museums,  the  only  other  public  collections  exist  at  the  rooms  of  the 

Bombay  Natural  History  Society ;  members  of  this  society  refer  specimens 

to  the  Committee  who,  if  the  Society's  collection  and  library  cannot 
furnish  the  required  information,  refer  them  to  either  of  the  above  Indian 

Institutions  or  to  Entomologists  in  Europe. 

Excepting  private  workers  who  own  private  collections,  there  are 
no  other  centres  of  entomological  activity  in  this  country. 

Publications  dealing  with  entomology  in  its  different  aspects  are 

iiltued  as  follows :  The  Imperial  Agricultural  Department  issues, 

from  Fusa,  the  "  Agricultural  Journal  of  India,"  in  which  are  contained 
articles  and  notes  relating  solely  t«  those  insects  injurious  to  crops  or 
to  those  of  economic  value.  Other  and  similar  work  is  issued  in 

bulletins ;  the  more  scientific  or  lengthy  work  is  issued  in  memoirs  and 

purely  popular  and  useful  information  as  leaflets. 
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The  Imperial  Forest  Research  Institute  publishes  information 

relative  to  Forest  Entomology  in  "  Forest  Records  and  Memoirs,"  and 
some  has  appeared  in  the  pages  of  the  "  Indian  Forester."  "  The 
Bulletins  of  the  Tea  Association  "  contain  the  bulk  of  the  work  on  insects 
injurious  to  tea,  supplementary  to  the  volume  on  Diseases  and  Pests 

of  the  Tea  Plant  by  Watt  and  Mann.  The  Indian  Museum,  in 

"  Indian  Museum  Records  "  and  "  Memoirs  of  the  Indian  Museum," 
issues  articles  mainly  on  systematic  entomology  but  also  bionomic  work. 

The  "  Journal  of  the  Bombay  Natural  History  Society  "  is  the  recog- 
nised  medium  for  most  purely  systematic  work  and  for  some  bionomic 

work  ;  the  papers  in  this  Journal  are  of  extreme  value  and  nmst  be 

consulted.  We  have  referred  below  to  the  more  important  papers. 
The  Journal  of  the  Asiatic  Society  of  Bengal  contain  also  papers  on 
general  entomology  and  on  systematic  work. 

This  exhausts  the  present  publications  dealing  with  the  various 
aspects  of  this  subject  in  India ;  occasional  papers  on  systematic 

entomology  appear  in  the  proceedings  of  learned  Societies  in  England, 
Europe,  the  United  States.  A  summary  of  these  is  contained  in  the 

Annual  Report  of  the  Board  of  Scientific  Advice  in  India,  as  is  a 

summary  of  all  entomological  woik  and  publications  in  India. 

It  is  necessary  to  mention  one  further  publication  no  longer  in  exist- 

ence. For  over  fifteen  years,  "  Indian  Museum  Notes  "  was  issued  from 
the  Indian  Museum,  Calcutta,  and  contained  papers,  notes,  etc.,  dealing 

with  economic  and  systematic  entomology.  We  have  made  constant 
reference  to  it  below  and  practically  all  information  contained  in  it. 

dealing  with  the  insects  of  the  plains,  is  abstracted  or  refeired  to  here, 

or  is  amplified  in  Indian  Insect  Pests.  The  best  feature  of  this  publica- 
tion was  its  beautiful  photogravure  plates ;  the  originals  of  many  of 

these  aie  here  reproduced  as  text  figures.  Sets  of  this  publication  are 

still  available  at  Pusa,  and  complete  sets  can  be  consulted  in  most 
official  or  public  libraries  in  India. 

With  the  exception  of  the  Bombay  and  Asiatic  Societies,  the  above 

publications  are  isaued  by  Government  and  copies  of  most  of  them  are 
available  to  serious  workers.  All  can  be  seen  also  in  most  public 

libraries,  and  the  published  work  in  entomology  is  generally  available. 

It  is  impossible  to  refer  here  to  other  literature ;    the  reader  will  see 
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below  from  how  many  souices  we  have  drawn  the  published  informa- 
tion of  past  years  and  these  scattered  papers  are  often  very  difficult 

to  see.  The  best  entomological  libraries  known  to  me  in  India  are  that 
of  the  Indian  Museum,  Calcutta,  and  of  the  Pusa  Research  Institute. 

Of  books  dealing  only  with  Indian  Entomology,  the  Fauna  of  India 

is  the  only  systematic  one  of  real  value  now.  It  covers  Aculeate  Hymen- 
optera  (2  vols.),  a  small  part  of  Coleoptera  (2  vols.),  nearly  the  whole 

of  Lepidoptera  (6  vols.),  Rhynchota  to  the  end  of  Jassidas  (4  vols.). 

Progress  with  this  is  being  steadily  made  and  the  student  should  ascer- 
tain what  volumes  have  since  been  issued.  They  are  the  standard 

guides  to  the  systematic  entomology  of  India,  Burmah  and  Ceylon  and 

are  essential  in  the  arrangement  and  identification  of  species.  West- 

wood's  Cabinet  of  Oriental  Entomology  is  with  Donovan's  "  Insects  of 
India,"  remarkable  chiefly  for  beautiful  plates  in  colour  of  many  striking 
Indian  insects,  mainly  butterflies,  moths,  large  beetles  and  Fulgorids. 
It  is  the  only  book  of  its  kind  but  is  of  little  value  at  the  present  day 

except  (in  the  words  of  Westwood),  "  that,  by  finding  its  way  to  the 
table  of  the  Indian  drawing  room,  it  may  gain  additional  converts  to 

the  study  of  a  science  full  of  curiosity  and  awaken  an  interest  in  the 

objects  of  pursuit,  thus  supplying  an  engaging  occupation  to  our  Indian 

friends." 

A  very  short  introduction  to  entomology  is  given  in  ' '  Indian 
Insect  Pests,"  which  also  treats  of  insects  injurious  to  agriculture.  It 
is  the  only  general  book  on  pure  entomology  relating  solely  to  India 

published  recently  (1906),  and  contains  short  instructions  regarding 
necessary  apparatus,  methods,  etc.  We  assume  every  reader  to  have 
as  much  general  knowledge  as  is  included  in  the  first  part  of  that 
volume  and  in  the  second  appendix. 

Zoo-6bographical  Divisions.— British  India  is  not  a  distinct  zoo- 

geographical  area,  and  it  is  necessary  to  define  very  carefully  the  faunal 

zone  that  is  dealt  with  in  this  volume,  Thej  "  Fauna  of  India"  scries 
deals  with  the  Fauna  of  the  Indian  Empire  and  Ceylon,  i.e.,  Himalaya, 
Hindostan,  Assam,  Buxmah,  Ceylon,  regardless  of  faunal  zones,  and  we 

endeavour  here  to  indicate  the  zoo-geographical  status  of  this  region. 

In  the  first  place,  we  wish  to  make  clear  that  a  fundamental  point 
is  ̂evation ;  starting  from  the  plains  of  North  India  at  an  elevation  of, 
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say,  1,000  feet  and  going  steadily  up  the  Himalayas  to  say,  10,000  feet, 
one  passes  from,  through  and  into  three  distinct  life-zones,  which  we 

may  call  tropical,  subtropical  and  temperate ;  the  tropical  extends 
to  2,000  feet  elevation ;  it  is  marked  by  one  period  yearly  of 
intense  dry  heat  or  a  limited  season  of  moist  weather ;  the  subtropical 
covers  2,000  feet  to  between  5,000  and  6,000  feet  and  is  marked 

by  a  greater  humidity,  a  more  even  and  less  intense  temperature,  a 
less  limited  period  of  rainfall ;  the  temperate  extends  above  about 

6,000  feet.  To  accurately  define  the  limits  of  the  subtropical  zone 
would  require  much  elaborate  detail ;  it  commences  for  instance  at  an 

elevation  of  about  500  feet  at  the  foot  of  the  Eastern  Himalayas,  at 
about  2,000  feet  at  the  foot  of  the  Western  Himalayas  ;  in  the  Nilgiris 

it  commences  at  about  2,500  feet  on  the  Mysore  plateau  side  but 
runs  down  to  well  under  1,000  feet  on  the  Western  Ghaut  side ;  a  large 

part  of  the  Deccan  above  1,000  feet  is  tropical ;  the  Western  Ghauts 
from  600  to  2,000  feet  and  over  are  subtropical,  and  in  this  case  the  dry 

tropical  area  (as  at  Poona  and  Nasik)  is  at  a  greater  elevation  than  the 

moist  subtropical  belt.  The  zone  is  of  course  not  definable  merely  on 

elevation ;  it  is  the  moister  more  agreeable  climate  produced  by  the  abun- 
dant rainfall  falling  on  the  slopes  of  moderate  elevation  which  run  up 

from  the  level  plains  to  the  Himalayas  or  to  the  various  ranges  of  hills ; 
it  is  a  zone  of  varied  vegetation,  often  forest  or  dense  jungle ;  it  is  the 
zone  in  which  tea,  coffee,  rubber,  and  similar  crops  are  grown,  and  it 

is,  in  India,  a  belt  along  the  hills,  running  up  the  valleys,  as  well  as 

more  or  less  isolated  patches  on  the  hill  ranges  of  Central  India,  the 

Deccan  and  South  India.  The  student  can  get  some  idea  of  it  from 

the  2,000  feet  elevation  line  on  Bliott's  meteorological  atlas  of  India. 
The  fauna  of  the  subtropical  zone  is  far  more  varied  than  that  of  the 

tropical  zone  or  of  the  temperate  zone  and  is  quite  distinct. 

There  are  some  prominent  features  of  the  tropical  and  subtropical 

faunte  which  may  be  very  briefly  discussed  here.  We  omit  any  discus- 

sion of  the  temperate  fauna  as,  except  in  South  India,  it  is  certainly  not 

"  Indian  "  but  is  holarctic  or  Indo-Chinese.  The  subtropical  fauna  is 

far  more  varied  than  the  tropical ;  the  number  of  species  that  can  find 

food  and  can  support  existence  in  the  extremely  varied  vegetation  and 

moist  equable  climate  of  the  former  is  far  greater  than  those  that  can 

endure  the  intense  diy  Jieat  and  more  limited  vegetation  of  the  latter. 
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In  addition  to  this,  which  is  true  of  nearly  every  family  of  insects,  there 

are  families  which  are  confined  to  the  subtropical  region,  or  which  im- 
mensely predominate  there  as  compared  with   these   families   in   the 

plains,  and  there  are  also  families  which  occur  far  more  abundantly   in 
the  tropical  plains.    The  Phasmidce,  Siricida,  Tenthredinida,    Sialidce, 

PanorpidcB,    Passalida,    f.ucanideB,    Simuludw,    AradidcB,  Phymatidm, 
Segiidm,  Zyitcenidm  are  practically  confined  to  the  moist  foiested  lower  hill 

slopes ;  the  Rhopalocera    are    characteristic  of  the   subtropical  region, 
especially  the  NymphnlidoB  and  PapilionidcB  ;  the    Cicadidce,    Tipulida. 

Mycetophilido',  Locustida,  DynastidcB,  Cetoniidw,  Erotylidce.  EndomychidoB, 
BostfichidcB,  ScdytidtB  are  found  abundantly  in  the  subtropical,   rarely 
in  the  tropical  areas ;  Chrysomelidce,    BuprestidcB,  Capsidw,   Syrphidce 

occur  in  both  but  in  immense  profusion  only  in  the  former  :  I.imacodidcB 
and  PhryganeidoB  stand  out  conspicuously  in  the    same  way.    On   the 

other  hand,  the  Acridiidw,  Carabida,  DytiscidcB,  Hydrophilidce,  Gyrinidw, 
TenebrionidcB,  Myrmeleoninas,  Ascalaphinw,  Scaraboeidce  are  far  more 

abundant  in  the  plains,  though  occurring  also  in  the  lower  hills.    Allow- 
ing for  the  fundamental  excess  of  species  in  the  subtropical  region  owing 

to  its  varied  flora,  the  other  large  families  are  more    proportionately 

represented  in  both  areas.    We  would  suggest  also  that  the  varied  sur- 
face fauna  of  the  plains  is  less  marked  a  feature  of  the  subtropical  region, 

possibly  because  the  surface  soil  offers  protection  from  heat  not  required 
in  the  hills  and  because  the  usually  dense   perpetual  vegetation  of 

the  hills  produces  a  fauna  centering  more  round  the  bushes  and  low 

vegetation  (see  below  ''  Where  Insects  Live  "  under  Forficulidm). 
This  fundamental  distinction  is  of  the  very  greatest  importance,  and 

unless  it  is  fully  realised  and  clearly  kept  in  mind,  any  conception  of  the 
faunal  zones  must  be  imperfect.  We  sharply  mark  ofE  the  fauna  of  the 

plains  of  India  (usually  below  2,000  feet)  from  that  of  the  forested 
slopes  of  the  hills  and  from  that  of  the  upper  hills ;  and,  in  this 

volume,  we  deal  only  with  the  tropical  zone  except  where  the  number 

of  species  occurring  in  India  is  stated  when  we  mean  British  India 
exclusive  of  the  temperate  upper  Himalayas. 

India  is  placed  by  Beddard  (Zoogeography  1895)  in  the  Oriental 

Region  as  the  "  Indian  "  subregion  ;  Ceylon  is  distinct  as  a  subregion  and 
is  taken  to  include  part  of  South  India.  The  Himalayas,  inclusive  of 
Ksfthmir,  Nepal,  Sikkim,  Bhutan,  are  not  part  of  the  Indian  subregion 
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at  all,  being  holarctic,  and  we  take  the  dividing  line  to  be  at  about  6,000 

feet.  The  extreme  North-West  of  India  is  also  not  Rtrictly  "  Indian  " 
but  is  holarctic.  Burmah,  we  exclude,  as  being  Malayan  and  Indo- 

Chinese,  and  the  hills  of  Assam  are  strictly  Indo-Chinese  in  part.  "  In- 
dia "  proper  then  does  not  include  these  areas  at  all  and  it  must  be  clear- 

ly borne  in  mind  that  in  these  pages  we  do  not  use  India  in  the  sense 

that  the  "  Fauna  of  India  "  does  ;  the  term  "  British  India  "  is  used 
throughout  this  volume  for  the  political  India  covered  by  the  Fauna  ; 

the  term  "  India  "  includes  tropical  and  subtropical  India,  i.e.,  up  to 
about  6,000  feet ;  "  subtropical  India  "  denotes  the  moist  forested 

slopes  of  the  hills  usually  between  2,000  and  6,000  feet ;  "  tropical 
India  "  or  "  the  plains "  means  the  great  stretches  of  India  lying 
between  sea-level  and  about  2,000  feet,  usually  not  forested  and 
extending  from  Tinnevelly  in  the  South  to  Rawal  Pindi  in  the  North, 
from  the  border  of  Rind  and  Baluchistan  in  the  West  to  the  Assam  and 

Surma  valleys  in  the  East.  It  is  the  insects  of  this  area  that  are 

discussed  in  these  pages  and  for  one  insect  in  this  area  there  are  at  least 

five  in  "  subtropical  India.  " 
The  frontispiece  illustrates  the  divisions  of  tropical  India  according 

to  fauna  so  far  as  we  are  able  to  tentatively  delimit  them ;  the  faunal  zones 

of  subtropical  India  are  not  indicated.  In  considering  this  question  fully, 

the  factors  to  be  considered  are  (1)  the  physical  features  of  the  country  ; 

(2)  the  geological  formation  composing  it ;  (3)  its  climate ;  and  (4)  its 

flora.  The  first  three  probably  afiect  insects  in  much  the  same  way  as 

they  affect  plants,  and  we  may  take  the  flora  as  the  basis  of  our 

divisions;  Sir  J.  D.  Hooker,  in  his  sketch  of  the  flora  of  British  India, 

divides  the  whole  area  into  nine  provinces  as  follows  :— 

(1)  Eastern  ffimaJayo*.— Sikkim  to  Mishmi  mountains  in  Upper 
Assam. 

(2)  Western  HimaZoycw.— Kumaun  to  Chitral. 

(3)  Indus  Pioin.— Punjab,  Sind,  Rajputana,  west  of  the  Araval- 

li  range  and  the  Jumna  river,  Cutch  and  Gujarat  (to  the 
Tapti). 

(4)  Qangetic  Plain.— Vtom  the  AravaUi  Hills  and   the  Jumna 

river  to  Bengal,   the   Sundarbans,   the  plains  of  Assam, 

the    low   country  of  Orissa  north    of    the    Mahanadi. 
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(5)  MaUbar.—The  Western  Ohauts  fiom  the  T»pti  river  to 
Cape  Oomorin ;  the  Eonkan,  Eanara,  Malabar,  Coehin, 
Travanoore,  Laccadive  Islands.  This  is  better  termed 
the  West  Coast. 

(6)  The  Deccan. — The  high  plateau  lying  between  the  Eastern 
and  Western  Ghauts,  south  of  the  Gangetic  and  Indus 

plains ',  the  Coromandel  Coast  on  the  East  Coast  from 
the  Mahanadi  to  Cape  Comorin  is  included  as  a  sub- 

province. 
(7)  Ceylon  and  the  MMwe  Idandt. 

(8)  Burmah. 
(9)  The  Malay  Pemntula. 

With  the  last  three,  as  with  the  first  two,  we  have  no  concern  here. 
If  on  the  basis  of  the  above  divisions  we  omit  subtropical  forest  hill 
areas,  and  we  take  into  account  the  influences  on  the  fauna  of  these 

neighbouring  areas,  we  shall  get  divisions  as  follows : — 

(1)  TLe  Indue  Plain. 
(2)  Desert  India. 
(3)  Central  India,  West. 

(4)  Gangetic  Plain,  West. 
(5)  Gangetic  Plain,  East. 
(6)  Sundarbans. 
(7)  Central  India,  East. 

(8)  Deccan. 
(9)  West  Coast. 

(10)    Coiomandel  Coast. 

1.  The  Indus  Plain  has  a  fauna  containing  many  holarctic  forms. 
The  wintM  is  cold,  the  hot  weather  is  dry  and  intense  and  these  two  sea- 

sons are  w«li  marked. 

2.  Desert  India  is  similar,  but  with  a  peculiar  fauna  and  flora, 
owing  to  the  arid  conditions. 
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i.  ilkHtnUl  iniia,  Weit.-rkauteaiid  gteaterzaiiifaU,  a  mote  definite 
pianod«ilninid%i»i3IeM<»l^»u«^  and  oi^t  tompecctaie. 

4  QtrngtHePlain,  fr«rt.«*p|ril  imaked  printer  ivitli  laodemte  cold 

ftnd  xain,  dzy  Itot)  ireatSiec  aitil'kouit  muy  weather.  Immtgtaaito  from 
the  Himalayas  tot  the  cold  weathei. 

5.  Qangelic  Plain,  East. — No  well-matked  dty  hot  weather,  the 
humidity  higher  in  the  cold  weather  and  hot  weather.  Immigrants  from 

the  Himalayas  and  other  hills  for  the  cold  weather  and  insect  activity 

more  general  in  the  hot  weather ;  there  is  a  marked  Malayan  element. 
(Afeatureof  this  area  is  the  flooding  that  occurs  over  large  stretches  of 

land;  the  influence  this  exerts  on  the  fauna  may  be  a  very  marked  one.) 

6.  Stmdarbans. —  Doubtfully  distinct.  Little  alternation  of 
temperature  or  humidity.    Peculiar  flora.    Strong  Malayan  element. 

7.  Central  India,  East. — Well-marked  dry  hot  weather  when  insect 
activity  is  suspended,  followed  by  a  prolonged  moist  warm  period.  Fewer 
insects  hibernate  than  in  the  regions  North  and  West. 

8.  Deccan. — Well-marked  seasons,  the  dry  hot  weather  following 
a  marked  cold  weather,  when  hibernation  sets  in. 

y.  West  Coast. — The  fauna  is  influenced  by  the  neighbouring  sub- 
tropical region  of  permanent  forests  and  high  humidity  which  produce 

a  very  large  fauna  equalled  only  by  the  lower  slopes  of  the  hills  in  Assam 

and  the  Eastern  Himalayas.  No  hibernation  in  the  plains  below  ghauts. 
Many  Ceylonese  forms. 

10.  Coromandel  Coast. — Less  well  marked  seasons  to  the  Deccan, 

and  a  smaller  flora  to  the  West  Coast.  A  large  proportion  of  Ceylonese 
forms. 

We  may  roughly  indicate  the  separate  faunal  zones  into  which  we 

would  divide  British  India  as  a  whole  exclusive  of  Burmah  and  Ceylon:— 

1.  Indtu  Plain. — Tropical. 

2.  Himalaya,  If e««.— Western  Himalayas  above  6,000  feet,  inclu- 
ding Kashmir,  Nepal  and  Kimiaon.    HoJarctic. 

3.  Sub-Himalaya,  West.— Lower  slopes  of  Western  Himalayas 

2,000  to  6,000  feet.    Subtropical  forest  fauna. 

4.  Desert  India. — Tropical. 
5.  Central  India,  TTert.— Tropical. 
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6.  Central  India,  West,  HiUs. — Subtiropical. 

7.  Gangetic  Plain,    Tfe«f.— Tropical. 
8.  Oangetic  Plain,  East. — Tropical. 
9.  Sub-Himalaya,  East. — Lower  slopes  of  Eastern  Himalaj'as  700 

to  5,000  feet.    Subtropical. 

10.  Himalaya,  East. — Eastern  Himalayas  above  5/XX)  feet. 
Sikkim  to  Mishmi  Mountains.    Holarctic. 

11.  Assamia. — Hills  of  Assam  and  Assam- Burmah  border,  in- 

clusive of  Khasi  hills,  above  6,000  feet.     Indo-Chinese. 

12.  Stib- Assamia. — Lower  slopes  of  Assam  hills,  500  to  5,000  feet. 
Subtropical  with  strong  Malayan  affinities. 

13.  Sundarbans, — Tropical. 
14.  Central  India,  East,  Hills  above  500  to  800  feet.    Subtropical. 

15.  Central  India,  East,  Plains. — Tropical. 
16.  Deccan. — Tropical. 

17.  West  Coast,  Plains. — Tropical. 
18.  Western  Ghauts. — Hills  up  to  6,000  feet.  Subtropical.  This 

is  probably  divisible  into  three ;  (a)  Surat  to  Londa-Goa  gap ;  (6)  Goa 
gap  to  Palghat  gap  with  the  Nilgiris,  Coorg,  Mysore  Hills  ;  (c )  South  of 
Palghat  gap,  including  Travancore,  Pulneys,  etc. 

19.  South  India  Hills. — Hills  of  West  Coast  and  South  India 

above  6,000  feet.  The  fauna  of  this  zone  is  not  sufi&oiently  known,  as 

apart  from  the  fauna  below  6,000  feet,  for  this  division  to  be  more  than  a 
doubtful  one. 

20.  Coromandel  Coast. — Tropical. 
21.  Eastern  Ghauts. — Subtropical. 

Classing  these  zones  under  elevation  and  climate  we  get : — 

Temperate. Subtropical. Tropical. 

HimaUys,  West Snb-Himalaya,  Weit Indus  Plain. 
Desert  India. 

Central  India,  West,  Hills Central  India, Wpst. 

,.         East Snb-Himalaya,  Kast Gangetic  Plain,  West. 
Aatamia 8ttb  Awamia 

„         „      Bast. Sundarbano. 

Central  Indift  East,  Hills  .. Central  India,  East. 
Western  Ghauts 

Deccan. 
West  Coast, 

South  India  Hills Eastern  Ghauts Coromandel  Coast. 
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(  HOLABCTIC.) 

Himalaya  West. 
Baluchistan, 
Afghanistan. 

Indus  Plain. 
Desert  India. 
Central  India,  WcKt. 
Gangetic  Plain,  West. 

(Sohame  of  In- dian Beslon.) 

(InDO'CHINEBE  ) 

Assam  ia. 
Himalaya,  East. 
Burmah  Hills. 

Sub- Himalaya,  East. 
Sub-Assamin. 

Central  India,  East- 

West  Coast. 
Western  Ghauts. 
South  India  Hills. 
Coromandel  Coast, 
Eastern  Ghauts, 

Ceylon. 

(SINOHALEBG.) 

Gangetic  Plain,  East. 
8undarbans. 

Burmah  Plains. 
Ualayia. 

(Malayan.) 

Food  and  Habitat. 

Insects  live  in  a  great  diversity  of  ways,  but  it  is  possible  to  roughly 
classify  these  into  groups  ;  this  classification  is  of  considerable  value  to 

the  student  in  placing  his  insect ;  for  instance,  a  tree- boring  insect  will 
be  a  member  of  one  of  a  small  number  of  families,  and  it  will  often  assist 

in  placing  an  insect  to  look  up  the  families  which  have  a  particular  habit 

i.e.,  it  is  useful  to  classify  insects  according  to  food  and  habitat,  as  well 

as  by  structure  and  genealogy.  For  this  purpose  we  tabulate  below 

the  principal  families  that  live  in  distinct  ways,  using  food  and  habitat 

together  as  the  basis  of  our  classification. 
r 

I.— LAND  INSECTS.  <i  A.  Herbivorous.  <{ 

1. Live   in   Fruits. 
2. 

„    ON  Seeds. 3. 

„     „    Flowers, 4. Leaf    and   Stem 
Miners 

5, Leaf    and    Stem 

Suckers. 
6. 

Leaf  and  Stem 
Eaters. 

7. Gall  Makers. 
8. Tree  Borers. 
9. 

Stem  Borers. 
10. Root  Eaters. 

11. Boot  Borers. 

12. Root  Suckers. 
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fl3.    Parasites,     Inter- ITAL  OF  Vertebrates. 

14.    Parasites,     Exter- 

B  Parasites  AND  ^*^  °^  Vertebrates. 

Predators  ^^-    Parasites,  Internal 
i-REDATORS.  ^y    ijjgjjj^g 

16.    Predators,      Sting- 
ing. 

I,— LAND  INSECTS  17.    Predators,      Biting 
—eotUd.  AND   Sucking. 

18.  Scavengers,  Animal 
Matter. 

19.  Scavengers,      Dead 
C.    Scavengers.            Wood. 

20.  Scavengers,     Vege- 
table Matter. 

21.  Household  Insects. 

II.— SALT  WATER  INSECTS. 

III.— FRESH  WATER  INSECTS. 

IV.— MYRMECOPHILOUS  INSECTS. 

1.  Fruit  Insects. — The  Trypetidce  are  conspicuous,  as  are  such 
Tortricids  as  the  Codlin  Moth  (Carpocapsa)  and  Tinetdee.  Noctuids 

and  Cuiculionids  are  found.  In  all  cases  it  is  the  larvee  that  live  thus  ; 

Tenthredinidce  are  rarely  known.  Some  large  moths  (Ophideres)  live 

on  fruit  juice.  We  exclude  all  "  Scavengers  "  in  decaying  fruits,  of 
course,  referring  only  to  fruits  on  plants. 

2.  Seed  Eating  Insects. — ^Many  insects  feed  habitually  on  seeds 

while  ripening ;  Bruchida,  Scolytida,  TortrieidcB,  Tineida,  Pterophoridce 

(Exekutis,  Sphenarches),  NoctuidcB  {Chhridea,  Earias),  Pyralidce  being 

typical  examples;  the  Lycscnid  [Virachola  isocrates)  is  an  exceptional 

case.  We  omit  all  insects  living  on  harvested  seeds,  classing  them  as 

Scavengers  or  household  insects. 

3.  Flower  Insects. — ForficuUdce  eat  pollen,  Masarida  and 

ApidcB  collect  pollen.  Fossores  collect  pollen,  or  feed  on  nectar.  Phala- 

cndtB  (larve),  NittduUda  (larva)  and  adults),  Mdyridm  (adidts),  iKtm- 

pyrida  (adults),  MordeUidm  (adults),  CurctdionidtB  (adults),  Mehlon- 
thida  (adults),  CantharidcB  (adults)  feed  on  pollen  or  flowers.  Most 

moths  and  butterflies  and  many  flies,  especially  AnthomyiidcB,  Syrphidai 

and  Bombyliida,  feed  on  nectar.  TimidcB,  Pterophorida,  Cecidomyiidce, 

Thj/tanoptera,  Tingidte  also  live  in  flowers,  as  larvse  or  nymphs. 
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4.  Lbaf  and  Stbm  Miners.— The  Hispids  and  Halticids  among 
Chrynomelids,  and  many  Tineids  mine  under  the  epidermis  of  green  leaves 
and  green  stems.  Exceptional  Micropterygids,  Buprestids  (Trachys) 
and  Acalyptrate  Muscids  are  also  recorded. 

5.  Leap  and  Stem  Suckers.— The  Thysanoptera,  the  whole  of  the 
Homoptera  and  Phytophthires,  as  well  as  most  of  the  species  of  the  fol- 

lowing families  of  Hemiptera  live  by  sucking  the  sap  of  green  parts  of 

plants  : — PentatomidcB,  Coreidw,  Berytidce,  Lygaidce,  PyrrhocoridcB,  Tingi- 
dcB,  CapaidoB. 

6.  Leaf  Eating  Insects. — All  Phasmidce  and  AcrUiidcB,  most 
LociMtidcB,  some  GryUidce  feed  on  leaves,  as  too  do  the  larvae  of  TerUhre- 

dinidcB,  Melolonthid  beetles,  a  few  exceptional  Carabids  and  Silphids, 
Epilachnids  in  both  stages,  Cantharid  beetles,  Chrysomelids  in  both 

stages,  and  Curculionids  (rarely  in  the  larval,  almost  always  in  the 

imaginal  stage)  have  the  same  habit.  The  larvae  of  Lepidoplera  in 
most  cases  are  purely  leaf  eating. 

7.  Gall  Insects. — In  India,  the  known  gall  insects  are  tjrpically 

Psyllids,  Tineids,  Chalcids  (fig  insects)  and  Cecidomyiids,  the  first  pre- 
dominating. Other  families  recorded  elsewhere  are  Tenthredinida 

(Nemaius),  Cynipidce,  Buprestidas  (Ethon),  Curoulionidos,  Thysanoptera, 

AphidoB  and  CoccidoB. 

8.  Tree-Boring  Insects. — The  following  families  make  tunnels  in 
trees ;  SiricideB,  Buprestida,  Cerambycidce,  CurctilionidcB,  Scolytidce, 

( ?  Brenthidse),  Sesiidce,  CossidcB,  HepialidcB,  Arhelidce. 

9.  Stem  Borers. — ^A  large  number  of  borers  live  in  green  succulent 

stems  as  opposed  to  those  living  in  hard  woody  tissues.  The  families 

concerned  are,  GrylUdcB  (Cylindrodea),  Cephida,  Tenthredinidce,  Phala- 

cridcB,  ErotylidcB,  Buprestidas,  Mordellidm,  CurculionidcB,  Scolytida, 

(Castniida),  NoctuidcB,Pyralid(e,Cecidomyiidce,Chloropid<B,  Agromyzida, 

GeomyzidcB,  OrtalidcB. 

10.  Boot  Eating  Insects.— Very  little  is  known  of  the  lives 

of  underground  insects,  but  the  following  groups  contain  species  that 

feed  on  plant  roots  in  the  soil. 

Melolonthid  larvse. 
Elaterid  „ 
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Curculionid  larvae. 

Pyralid  „    (Crambidce,  etc.). 
Noctuid  „    (rarely). 

Gryllid  nymphs  and  adults. 

Tipulid  larvse. 

A  few  of  the  SilphidcB  (Anisotomidea),  DascillidcB  and  BibionidcB 

(Dilophug),  have  apparently  the  same  habit. 

11.  Root  Boreks. — The  Hepialids  are  conspicucus  as  root  borers  ; 

the  Sagridce  are  said  to  have  this  habit  as  have  some  Eumolpida  {Scelo- 
dotUa)  and  Galemcids  (Diabrotica,  probably  Aulacophora) ;  some  Pyralids 
have  it,  e.g.,  SchcBnobiincB ;  exceptional  Buprestidce  {Sphenoptera)  and 
CurculionidcB  (Cylaa)  are  also  known. 

12  Root  Sucking  Insects. — Just  as  there  are  insects  which  suck 

plant  tissues  above  ground,  so  others  do  below  ground,  but  we  know  little 
of  them.  Probably  a  considerable  number  of  species  in  the  following 

families  are  concerned  :  Pentatomidce,  Lygceidce,  Cicadidfe,  FulgoridcB, 

AphidcB,  CoccidcB.  In  most  cases  it  is  probably  the  immature  stages 
that  have  this  habit.  The  best  known  example  is  the  Phylloxera  of  the 
vine. 

13.  Internal  Parasites  or  Vertebrates. — The  Oestndce  are  the 

important  group  in  which  this  habit  is  universal ;  the  Muscids  that  cause 

Myiasis  may  perhaps  be  included.  We  omit  the  many  recorded  cases  of 
insects  bred  in  the  human  alimentary  canal  as  being  exceptional. 

14.  External  Parasites  of  Vertebrates. — So  much  is  written 

of  these  we  need  only  tabulate  the  families  :  Hemimeridce  (on  rats),  Mai- 

lophaga,  PlatypsylUdce  (on  beavers),  HippdboaddcB,  StreblidcB,  Nycteri- 
biidcB,  Aphaniptera,  Polyctenidts,  Cimicidce,  Anoplitra.  We  omit  the 

non-parantic  biting  flies. 

15.  Parasites  op  Insects. — The  Parasitica  among  the  Petiolate 
Hvmenoptera,  the  Chrysididce,  the  parasitic  Apidae,  and  the  TachinidcB 
are  the  common  parasitic  insects.  Other  groups  are  the  Mantiapides 

(on  spiders  eggs),  the  MordelUdu  (EmrAenadia,  etc.)  (the  Clerides),  the  Can- 
iharidfB  and  StylopidcB.  Of  Diptera,  little  is  known,  but  we  may  mention 

NemestrinidcB,  BombyliidcB,  PipuncuUda,  Cyrtida,  Conopida,  Anthomyi- 

HcB,  TaehinidcB,  SaiKsophagidcB,  MuaddcB,  BrauUdcB  (external). 
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16.  Predators,  Stingtnq.— A  peculiar  class  are  those  insecfs 
which  sting  insects  to  paralyse  them  and  lay  them  up  for  their  young  ; 

they  include  only  EumenidcB,  PompilidcB,  Sphegidce,  ScoUidce. 

17.  Predators,  Biting  and  Sucking.— It  is  impossible  to  indicate 
with  any  accuracy  the  families  containing  predaceous  insects  ;  probably 
a  very  large  number  of  insects  living  in  soil  and  under  bark  are  predaceous, 
notably  beetles  and  smaller  bugs.  We  tabulate  a  number  of  families 
with  remarks. 

ForficuUdcB ;    ? 
MantidcB ;    all. 

Lomstidw ;    some. 

Oryllidcp  ;  some,  e.g.,  ScJdzodactyltis. 
Odonata  ;    larvae  and  imagines. 

Raphidiides ;    imagines. 

Panorjndes  ;    imagines. 

Myrmeleonides  ;  larvee  all ;  ima- 

gines ? 
Ascalaphides ;  ,,        „        ,, 
Mantispidea ;    some. 
Hemerobiides ;    larvae. 

Ohrysopides ;    larvBp  ?    imagines. 

Coniopterygidea ;    larvsp. 
EumenidcB  ;    the  wasps  eat  insects. 

Vespidw ;       „        „        .,        „ 
CicindelidcB ;    all. 

Carabidce ;    practically  all. 

SilphidoB    ? 

StaphylinidcB ;    probably  all. 

Histeridce  ;    some,  under  bark. 

TrogositidcB ;    some. 

Colydiida ;    some. 
Oueujidw.  „ 
CoccinellidcB ;    nearly    all. 

3talacodermid(B ;  larva'  all;  ima- 

gines ? 
CleridoB ;    all. 

AtUhribidce ;    some. 

Brenthidce  ;    imagines,  larvae  ? 

Lycaenidcs.     (Spalgis). 

Noctuida  ,'   (   A  few  species  feed 
PhycitincB ;  /     on  Coccids. 
TineidoB.    (Hypatima). 
Some  Culicid  larvsp. 

Blepharocerids  ? 
Therevids  ;  fly  and  larvae. 
Muscids  (Ochromyia). 

Some  Anthomyiids  &  Ephydrids. 

Some    Scatomyzids. 

LeptidcB  ;    larvw  and  flies. 
TabanidcB ;         ,, 

Asilidce ;    all. 

EmpidcB. 
Dolichopidw. 

PhoridcB ;    larvae. 

SyrphidcB ;      „ 

BombyliidcB    ? 
PerUatomidcB ;    some. 

LygoeidcB     ?     many. 
Aradid(B    ? 

Henicocephalidce. 
RedwmdcB. 

PhymatidcB. 
SaldidoB. 
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18.  ScAVSNOERS  OF  AiTiHAL  Mattbb. — There  is  a  very  large  class 
of  inftects  that  live  upon  refuse  animal  or  vegetable  matter  as  apart  from 

those  feeding  on  live  plant  tissue  or  on  the  blood  or  tissues  of  animal 
life.  Of  this  class,  a  portion  feed  in  tlung,  corpses,  etc.  The  family 
ScortibcBidcB  are  a  notable  example  of  the  dung  feeders,  the  SarcopkagidcB 

notable  as  breeding  in  corpses,  the  FormicidcB  notable  as  carrying  off 
dead  insects.  Other  families  are  BktttidcB,  Silphidce,  Staphylinidw,  Hist- 

erid<B,NUidulidcB(1 )  ClendcB,  MyeetophilidcB,  RhyphidcB,BeyeTa]  Muscidce 

AedyptratcB  (BorboridcB,  Sepsidw)  and  many  Calyptrake,  ( f )  Phoridce. 

19.  ScAVKNQERS  OF  WoOD.— The  insects  that  feed  in  dry  or  de- 

caying wood  are  a  distinct  class,  but  it  is  difficult  in  some  cases  to  distin- 

guish them  from  the  insects  that  prey  on  them.  The  following  nine  fami- 
lies are  well  known :  TermitidcB,  Bostrichidce,  Ptinida  {Anohiidefi), 

Lymexylonidm,  Oedemeridce,  Cerambycidce,  Anthribidw,  ScolytidcB.  Occa- 
sional Tenebrionids  and  Tineids  may  be  added. 

20.  ScAVEWGERS  OF  VEGETABLE  Matter. — This  is  perhaps  our 
largest  individual  class  since  we  have  not  the  data  on  which  to  break 

it  up  into  such  groups  as  in  the  case  of  Herbivores.  It  is  of  extreme  im- 

portance in  the  daily  routine  of  agricultural  entomology  to  be  able  to 

distinguish  the  harmless  insect  eating  dry  dead  leaves  from  the  injurious 

one  eating  living  parts  of  the  plant.  We  can  here  only  enumerate 

the  more  important  families  or  those  in  which  the  habit  is  known,  with 

the  remark  that  fungi  are  included  as  food  of  this  class  as  well  as  decay- 
ing leaves,  fruits,  blossoms  and  other  soft  parts  of  plants. 

AjOera.  CryptophagidcB. 
BlattidcB.  ErotyUda    (?    fungi). 

EmbHdcB.  EndomychidcB  (?  fungi). 
PsocidcB  (1  feeding  on  living  fungi).      Mycetaidce  (fungi). 
PassaUda    (larvse).  LatridiidcB  (fungi). 

Lucanida    (larvse).  Byrrhtdas  (plant  sap). 
MeloUmthidcB    (larvae).  CioidcB  (fungi). 

Scaphidiida    (fungi).  .        Sphindidw  (fungi). 
Hifterida    ?  DaadUidw  (Eudnetus  on  fungi). 
NUidvlidoB.  Elaterida  (?  larva;). 

TrogotUida    {PeUides  on  fungi).         NilionidcB  (fungi). 

Cdydiida.  MelandryidcB. 
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AntkioidcB. 

Calandrinw. 

Myce^phiUd(B  (fungi). 
Chironomidw. 

PaychodidoB. 

TipulidcB. 
BibionidcB. 

RhyphidcB, 

21.    Household  Insects.- 

fjOnchopteridcB. 

SyrphidcB. Phorida  (larvir). 

TrypetidcB. 
Sapromyzidcu. 
Anthomyidce  (larvrp). 

Thysanoptera  ? 
Aradidcp  (?  fungi). 

-We  cannot  separate  this  class  of  insect 
clearly  from  the  last  or  from  some  others  logically,  because  our  household 

insects  are  simply  originallv  free-living  ones  that  have  found  a  living  in 

man's  dwellings.  Nor  can  we  make  a  separate  division  of  them  on  the 
same  scale  as  the  Myrmecophilous  insects,  as  we  should  perhaps  logically 
do.  The  student  will  find  further  information  under  the  heading 

Cosmopolitan  insects  below.     The  families  concerned  are  : — 

CticujidcB. 
Nitidulida. 

Ptinidce. 
Bostrichidce. 
Bruchida. 

Ceramhycidw. 
PyralidcB  (Galleriina,  Phycitince). 

TineidcB. 

Thysanura. 
BlcUtidcB. 

GryllidcB, 
PsocidcB. 
Termitida, 

(Nemopteridea) 
Formicidw. 

SilpJiidw. 
Trogositida. 

We  have  excluded  external  parasites  of  mammals,  though  they  may 

rightly  be  included  here,  since  they  are  classed  as  above. 

II.  Marine  Insects.— Very  few  insects  live  in,  on,  or  within  reach 

of  salt  water,  probably  on  account  of  the  difficulties  of  respiration  due 

to  the  deposition  of  salts  on  evaporation  of  the  water. 

Anurida  among  Aptera,  MpopMlua  among  Coleoptera,  Campontia 

among  Chironomidw,  Eristalis  and  some  allies  among  Syrphidw  live  in  sea 

water,  Halohata,  a  genus  of  HydrometridcB  lives  on  the  sea.  Some 

ForficulidcB,  Carabidce,  Cicindelidm,  Staphylinidw,  and  Muficidoe  live  in 
sea-weed  on  the  beach. 

III.  Freshwater  Insects.— The  student  will  find  fuller  informa- 

tion  under  the  heading  Aquatic  insects  after  the  family  Odonata  below. 

m. 
S 
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We  give  here  simply  a  bald  list  of  families,  but  we  make  no  attempt  to 
class  them  into  Herbivores,  Parasites,  Predators,  and  Scavengers  as 

could  well  be  done  : — 

Collembola. 

{BlattidcB). 

Efhemeridce. 
Odonala, 

PerlidcB. 

Sicdidce 

(Hemerobiid(e). 

Trichoptera. 

(CkalcidcB). 

Amphhoidfe. 
PelohiidfB. 

Hnliplidrr. 

Dytiscidcp. 

Gyrinid(B. 

HydrophilidcB. 
HeteroceridcB. 

Parnidce. 

Dasrillidas. 

ChrysomelidcB. 

(CurcitUonidcf!). 

(Eupterotidm). 

(Pyrah'doB). Culicidw. 

Chironomidw. 

Psi/chodidw. 
IHxidcB. 

Tipulidce. 
BlepharoceridcB. 
SimuUidcB. 

TabanidcB. 

{Sf/rphido!). 
(Acalyptrate  Muscids). 

HydrometridcB, 
PelogonidcB. 

NepidcB. 
NatieoridcB. 
Belostomidw. 

Notonectidce. 
CorixidcB. 

(Aphidoe). 

IV.  Myrmecophilous.— The  student  will  find  fuller  information 

regarding  Myrmecophilous  insects  under  Paussida.  The  more  import- 

ant families  of  which  species  are  found  in  ant's  and  termite's  nests 

are : — 

QryUidcB. Histerida. 

MeblonthidcB. ThorictidcB. 

PaussidcB. Cossyphodida. 
SUphOoB. 

SyrphidcB. Onoatida. \    PsyUida. 

PadaphidcB. 
AphidoB. 

StaphyUnida}. 
OocddtB, 
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Insects  and  Man. — With  the  exception  of  domestic  animals  there 
is  no  single  group  of  animal  life  which  enters  more  into  the  daily  life  of 
man  than  insects.  They  live  on  us  and  around  us ;  in  our  food,  our 
clothes,  our  furniture,  our  houses  ;  we  eat  them  or  their  products,  we 
collect  them  and  even  sew  them  on  our  clothing.  All  peoi)le  eat 
honey,  use  bees-wax,  clothe  themselves  in  silk,  and  there  is  no  one  who 
has  not,  at  one  time  or  another,  been  dependent  upon  some  member 
of  the  insect  world.  The  luxury  of  the  present  age  of  civilised  peoples 
has  brought  into  being  industries  connected  solely  with  the  collection 
of  the  more  beautiful  and  striking  forms,  which  are  worked  up  into 
wall  ornaments,  paper  weights,  etc.,  and  form  a  pirt  of  the  art  of  this 

age.  (Witness  the  advertisement  m  the  Studio  "  Artistic  Cases  of 
Tropical  Butterflies,  exquisite  colours  and  designs,  supplied  to  many 

Art  Schools,  etc.")  Man  is,  therefore,  dependent  on  the  insert  world  for 
so  much,  and  though  science  may  devise  substitutes  for  the  products 

derived  fi'om  insects,  some  of  them  at  least  will  never  replace  the 
genuine  thing.  No  artificial  honey  will  over  compare  with  the  honey 
gathered  by  bees  from  thoupands  of  flowers,  fragrant  of  thyme  or 

heather  or  logwood,  though  in  this  commercial  age,  chemically-prepared 
substitutes,  composed  of  glucose  and  coal  tar  flavourings,  are  sold  and 

accepted  as  genuine  ;  no  substitute  for  bees-wax  has  been  foimd,  nor 
for  shellac.  It  is  likely  that  silk,  as  a  commercial  article  among 
commercial  nations,  will  be  partly  replaced  by  artificial  substitutes, 

because  the  greatest  value  of  true  silk — durabiUty — is  of  no  value  to  an 
advanced  civilisation  which  does  not  require  to  be  clothed  but  costumed. 

Lac  dye  has  been  replaced  by  aniline,  and  though  cochineal  still  holds 

its  own  for  food  colouring  to  some  extent,  it  is  probable  that  no  insect- 
made  dye  will  continue  to  hold  its  own  against  aniline  dyes. 

These  are  the  useful  insects  ;  there  are  many  that  aSect  man  in  other 

ways.  Why  is  it  that  almost  every  dry  form  of  food  sold  and  dealt  in 

by  commerce  must  be  placed  in  a  sealed  package  ?  Why  are  millions 

of  tins  used  yearly  in  a  single  city  ?  Why  do  we  pay  at  least  a  fourth 

again  of  the  value  of  biscuits,  simply  because  of  the  tin  ?  Very  largely 

because  of  the  ubiquitous  insect,  who  would  get  in  and  eat  them,  if  these 

things  were  not  thus  protected.  Let  any  house-keeper  in  India  think  for 

a  moment  of  her  store-room  and  the  precautions  she  takes.    Sugar  must 
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be  isolated  or  ants  will  cany  it  of!  ;  flour  must  be  in  a  tightly-closed  tin, 
or  moth,  weevil  or  beetle  gets  in ;  no  sweet  thing  is  safe,  once  opened, 
unless  isolated  on  water,  dried  fruits  of  every  kind  are  spoilt  by  beetles, 

grain  is  eaten  by  weevils ;  pulse  of  all  kinds  harbours  moths  or  beetles  ; 
even  tobacco  and  dried  drugs  are  not  exempt.  Daily  and  hourly  mankind 
is  fighting  the  ravages  of  the  insect  world,  which  seeks  to  take  from  him 
his  last  ultimate  asset,  his  stock  of  food.  Think  of  the  countless  sealed 

mud  grain-stores  there  are  in  India,  many  in  eveiy  village,  and  all  because 
of  the  insect  life  around  us. 

Let  us  take  another  aspect,  that  of  disease  ;  malaria,  enteric, 

typhoid,  yellow  fever,  plague,  filariasis  and  elephantiasis,  sleeping 
sickness  (?  kala  azar,  black  water  fever),  each  and  every  one  of  these 

means  a  yearly  total  of  deaths,  premature  and  unnecessary,  caused  by 

the  agency  of  insects.  Think  of  the  enormous  total  of  deaths  from 

plague  in  India,  since  plague  came  into  India  little  more  than  a  decade 
ago  ;  think  of  the  desolation  caused  by  sleeping  sickness  in  Africa,  of  the 

countless  cases  of  malaria  in  the  tropics,  of  the  extraordinary'  mortality 
from  yellow  fever,  in  old  days,  in  the  West  Indies  ;  go  to  the  West 
Indies  and  see  the  numerous  cases  of  elephantiasis  ;  men  with  legs  like 

trees,  men  suffering  from  fever  and  ague  for  years  which  finally  leaves 

them  possessed  of  an  elephant's  leg  or  arm  ;  think  of  the  death-roll 
from  enteric  !  And  after  all  this  we  may  dimly  realise  the  important 

part  the  insignificant  insect  world  around  us  plays  in  our  lives. 

This  may  be  equalled  by  that  part  played  by  insects  in    inducing 
disease  among    our  domestic  animals.    This  is  a  purely  artificial  case 

largely  brought  about  both  by  our  careless  transfer  of  stock  from  one 
part  of  the  world  to  another  and  by  our  own  reckless  disregard  of  the 

rudiments  of  science  and  of  all  reasonable  precautions.    Think  again 
of  the  agriculturist  and  his  foes ;   of  the  locusts  which  lay  waste   a 

district,  of  the  boUworm  that  takes  a  tenth  of  the  cotton-crop  in  India, 

or  perhaps  three-quarters  of  it  in  an  occasional  year  ;  of  the  mothborer 
that  kills  one  cane-shoot  in  three  ;  of  the  rice  hispa  that  causes  famine 
or  tiie  rice  grasshopper  that  destroys  the  paddy  over  a  whole  division  ; 

think  of  the  trials  of  new  and  promising  crops  abandoned  in  the  past, 
because  insects  ruined  every  plant  on  a  small  plot,    Why   does  not 
tree  cotton  grow  successfully  in  India,  or  improved  American  maize ; 
why  hu  no  fruit  industry   been   established  in   places   where   fruit 
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grows ;  why  is  Bhade-grown  tobacco  not  a  success,  or  the  cultivation 
of  sunflower  or  ground-nuts  in  North  India?  What  takes  toll  of 
every  crop  grown  in  this  country  to  a  greater  or  lesser  extent  ?  Insects 
in  every  case  insects  ;  and  insects  are  a  factor  to  be  taken  into  account 
in  agriculture  all  the  world  over. 

Think  of  one's  daily  life !  There  are  cockroaches  that  smell,  fish 
insects  that  eat  our  papers,  ants  that  carry  off  our  sugar,  "  gundiee  " 
and  other  smelly  things  that  flavour  our  food  when  they  fall  in,  wasps 
and  hornets  that  sting,  mosquitoes  that  bite  and  annoy,  to  say  nothing 
of  sand-flies,  that  no  mosquito  net  keeps  out,  and  the  bug  and  flea  which 
continually  pester  us,  the  mud  wasps  that  build  nests  in  our  books 
and  close  our  locks ;  furniture  beetles  that  wear  out  our  chairs,  the 
cheroot  beetles  that  spoil  our  cigars,  the  book  beetle  that  tunnels  in  our 

books,  the  moth  that  destroys  our  clothes.  Daily  and  hourly  we 
come  in  direct  contact  with  insect  life.  Read  the  doleful  comments  of 

the  Calcutta  resident  in  August,  asking  why  science  cannot  check  the 
insects  that  come  to  his  lamp  during  dinner  and  make  his  life  a  burden  ; 
or  the  sad  tale  of  the  District  Oflicer  who  had  to  vacate  his  bungalow 
because  the  wasps  wanted  it  and  had  been  accustomed  to  have  it ;  or 
again  the  tale  of  the  telegraph  stores  which  were  hurriedly  wanted  in 

large  quantities,  but  could  not  be  touched  because  hornets  had  built 
nests  among  them  and  actively  resented  any  interference  ;  or  that  of  the 

greatcoats  ready  to  be  distributed  to  the  army,  each  being  found  with 
neat  little  holes  eaten  out  by  beetles.  Impartial  judgment  and  a 

dispassionate  consideration  of  facts  will  show  that  insects  have  fully 

exploited  man,  and,  that  though  man  may  think  that  he  is  dominant, 

he  really  is  not,  and  that  not  the  least  among  his  functions  is  that  of 

providing  food  and  occupation  for  insects. 

It  has  been  the  custom  of  authors  of  all  periods  to  refer  all  insects 

in  some  way  to  man's  well-being  and  economy.  Every  insect  was, 

to  them,  created  with  some  definite  object  from  man's  point  of  view ; 
and  one  has  only  to  accompany  a  party  of  visitors  round  a  collection, 

even  in  this  twentieth  century,  to  find  this  view  still  expressed.  "  What 

is  the  use  of  this  ?  "  "  Why  was  that  created  ? "  Man  may  or  may  not 

be  the  central  being  of  this  earth,  but  to  attempt  to  refer  the  activities 

of  all  insects  in  some  way  to  his  welfare  is,  at  least,  a  problem  that  none 
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would  attempt.  An  American  author  says  :  "  fleas  are  good  for  a  dog, 
because  they  keep  him  from  brooding  over  being  a  dog,"  and  explana- 

tions of  this  kind  are  possible  where  our  domestic  insects  are  concerned. 

But,  were  insects  given  to  that  kind  of  mentality  and  speculation  (as 
they  may  be),  it  would  be  interesting  to  get  their  views  on  man  and  his 
place  in  their  nature.  Assuredly  it  would  not  agree  with  ours  ;  equally 
it  may  be,  that,  from  any  standpoint,  whether  material,  mental,  moral  or 

spiritual,  man  is  on  no  higher  a  level  than  insects ;  and  it  might  be  better 
to  classify  our  activities  as  they  affected  insects  than  to  refer  each  insect 

to  its  "  use  "  to  us. 

A  rough  classification  of  the  ways  in  which  insects  affect  man  may 

be  attempted,  chiefly  with  a  view  to  securing  clearness  of  idea  : — 

1.  Cause  damage  to  growing  plants  directly. 

2.  „  „  „        „  „       indirectly. 

3.  „  „  „  stored  products. 
4.  „  „  „  domestic  animals  directly. 

5.  „  „  „        „  „        indirectly. 
6.  Personally  distasteful. 
7.  Transmit  disease  to  man. 

8.  Assist  agriculture  directiy. 

9.  .„  „  indirectly. 
10.  Yield  useful  products. 

It  is  needless  to  dilate  upon  the  first  class  ;  all  the  insects  that  feed 

upon,  or  live  in  growing  plants  that  are  useful  to  man,  are  included.  Of 

the  second,  we  would  say  that  very  little  is  known,  but  that  there  may  be 
a  very  large  class  whose  quite  unimportant  attacks  on  plants  open  the 

way  to  the  entry  of  fungoid  or  bacterial  diseases,  which  may  then  be- 
come of  great  importance.  There  is  a  great  difference  between  the  small 

damage  caused  by  the  cane-borer  direct  and  that  of  the  fungus  it  brings 
or  lets  in  ;  and  the  broader  aspects  of  this  question  are  as  yet  but  little 
known.  The  insects  injurious  to  stored  products,  to  grain,  flour,  dry 

food-products  of  all  kinds,  to  timber,  furniture,  books,  paper,  fabrics, 
to  every  kind  of  human  merchandise,  made  of  material  of  animal  or  vege 
table  origin,  these  are  only  too  painfully  familiar  to  us  all,  and,  in  the 

genial  warmth  and  moistness  of  the  Indian  climate,  they  find  conditions 

admirably  suited  to  their  plentiful  increase.    Insects  that  directly  injure 
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domestic  animals  include  lice,  ticks,  fleas,  horse-flies,  bote,  warbles  and 
other  parasites  of  cattle,  horses,  sheep,  dogs,  etc.  Under  the  head  of 

indirect  injury  is  the  transmission  of  disease,  of  which  flies  and  pro- 

bably lice,  fleas  and  horse-flies  may  be  especially  important. 

Of  those  personally  distasteful,  it  is  hard  to  speak.  The  mosquito 

that  bites  and  sings,  the  cockroach  that  flies  around  before  rain,  the  eye- 

fly  that  thinks  its  proper  sphere  is  man's  visual  organ,  the  crawling  cater- 
pillar that  falls  from  on  higli,  each  (and  many  more)  is  distasteful  in 

some  degree  to  dift'erent  individuals.  The  dweller  in  Bengal  is  harried 
by  hordes  of  perfectly  amiable  and  delightful  insects  which  join  him 
when  the  lamps  are  lit.  As  I  write,  they  swarm  around  me,  in  great 
variety,  in  pleasing  profusion,  adding,  by  their  mere  number  and  senseless 

gyrations,  to  the  irritation  caused  by  climate,  weariness,  liver,  etc.  Tn 

some  places  "  gundies  "  (CydninoB)  are  pre-eminent,  in  other  places 
green  fly  [Jaasids) ;  the  geranium  [Cydnus)  is  familiar  to  some,  while 
our  curse  here  is  varied  but  largely  composed  of  beetles  (Scaritids  chiefly). 

Whatever  they  are,  their  profusion,  their  ubiquitousness,  their  buzzings 

and  their  singed  or  oily  corpses  cause  an  annoyance  only  to  be  appreciated 

by  experience,  and  which  forms  not  the  least  of  the  ills  we  bear. 

Elsewhere  the  reader  will  find  an  account  of  the  insects  transmitting 

human  disease,  the  go-betweens,  which  add  so  enormously  to  the  death- 
roll,  which  cripple  so  many  lives  and  which  constitute  the  first  and 

greatest  menace  to  human  life  in  tropical  countries. 

So  far  all  is  ill  and  were  we  to  consider  this  only,  then  insects  would 

have  but  a  sinister  significance.  There  is  another  "side  and  still  taking 
our  anthropooentric  view,  we  may  consider  the  classes  of  insects  on  which 

man's  welfare  depends.  A  very  large  class  of  insects  promote  tillage, 
by  burrowing  and  excavating  in  the  soil ;  thev  sweeten  the  soil  and  ren- 

der the  growth  of  plants  possible.  This  is  especially  the  case  in  tr()]>ical 

India,  where  worms  are  not  so  abundant ;  it  is  impossible  tn  Itriii^  accurate 

jtroof  of  this,  but  it  ih  easy  to  olwei've  the  countless  borings  of  iiisectH 

in  undisturbed  soil,  especially  under  trees  and  where  theie  has  been  no 

cultivation.  In  addition  to  this,  insects  do  much  directly  to  enrich 

the  soil  by  carrying  down  dung,  by  burying  carcasses,  by  causing  the  de- 

cay of  fallen  vegetable  matter.  It  requires  but  little  observation  and 

thought  to  see  how  large  a  part  insects  play  in  this,  and  how  greatly  they 
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for  Canthaiidine,  and  these  beetles  may  become  a  nource  of  profit  instead 
of  a  source  of  loss.  As  food,  the  bodies  of  insect?  are  valuable  to  all  but 

the  most  civilised  nations  ;  while  a  not  unimportant  branch  of  trade  is 

the  collection  of  immature  Formicidrs  ("  Ant's  Eggs  ")  for  feeding  tame 
game  birds  and  the  capture  of  flies  and  other  small  insects  as  food  for 
cage  birds  and  the  like  is  carried  out  on  a  large  scale. 

Finally,  insects  are  enrolled,  with  every  other  description  of  natural 

product,  in  the  list  of  materials  used  by  woman  in  hei  personal  adornment. 
This  is  not  as  insignifioant  as  it  may  appear  and,  though  few  insects  can 

be  used  directly  (e.g.,  Buprestids)  many  provide  models  for  both  art  and 
millinery. 
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assist  in  keeping  the  earth  sweet  and  wholesome,  and  in  rapidly  restoring 

to  the  soil  available  food  ;  with  the  bacteria,  the  fungi  and  similar  organ- 
isms, they  play  a  great  part  in  the  constant  cycle  of  matter  through  the 

soil  to  some  form  of  life  and  back  to  the  soil  again.  In  these  ways  insects 
assist  agriculture  directly.  Another  great  function  they  exercise  is  in 
pollination ;  a  large  proportion  of  plants  are  dependent  upon  insects 
for  their  fertilisation  and  we  largely  owe  the  beauty  of  many  flower  forms 
of  the  plant  world  to  the  need  the  plant  has  of  attracting  the  insect  and  of 

inducing  it  to  carry  the  pollen.  The  significance  of  insects  in  this  respect 

requires  no  proof ;  one  can  observe  it  both  in  the  plants  themselves  and 
in  their  numerous  insect  visitors. 

Indirectly  insects  are  also  a  benefit  as  they  cheek  themselves  and  also 
help  to  keep  down  the  undue  prominence  of  weeds  and  particular  forms 

of  plant  life.  It  is  perhaps  a  paradox  to  ascribe  as  a  virtue  to  insects 

the  fact  that  they  check  themselves,  because,  if  they  did  not  exist,  no 

check  would  be  needed ;  still  it  is  a  sober  fact  that  parasitic  insects  are 

an  important  part  of  the  insect  world,  and  if  they  were  absent  for  a  few 

weeks,  India  would  starve.  Finally,  there  are  the  useful  insects.  These 

are  connected  with  :— (o)  silk,  (b)  lac,  (c)  wax,  (d)  dyes,  (e)  medicine, 

(f)  food  for  man,  (g)  food  for  domestic  animals,  (h)  ornament. 

Those  that  yield  silk  are  perhaps  pre-eminent  at  present  since  im 

portant  industries  are  dependent  upon  the  silk  excreted  by  the  pupating 

catOTpillar  of  one  of  four  moths.    The  value  of  the  exported  silk  in 

1906-7  was  204  lakhs,  but  much  more  was  produced  and  used  in  the 

country  itself. 

Lac  is  a  large  industry,  one  of  the  big  staples  of  India,  and,  since  its 

use  is  yeariy  growing  and  the  source  of  supply  is  limited,  it  is  an  industry 

that  brings  increasing  wealth  to  this  country.  The  export  in  1904-5 

was  valued  at  Bs,  3,47,00,000  and,  besides  that,  a  large  amount  was  used 
in  India. 

Wax  is  still  an  article  of  export,  fetching  a  high  price  and  we  may 

mee  established  in  the  future  a  large  industry  in  the  domesticated  bee, 

for  the  production  of  both  wax  and  honey.  The  yearly  export  for  the 

laat  twenty  years  has  fluctuated  between  3,000  ewt.  and  7,000  cwt. ; 

the  value  being  between  2f  and  7  lakhs. 

The  importance  of  insects  as  dye  producers  is  gone.  Even  lac  is  of 

no  value  except  on  a  small  scale.    Medicine  is  still  dependent  upon  insects 
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Jafyoida. 

The  moutkparts  are  concealed.     The  body 
terminates  in  a  pair  of  forceps. 

These  delicate  insects  will  be  readily  mistaken 

for  young  Forficulidtp,  though  the  hidden 
mouthparts  serve  to  distinguish  them.  They 
are  said  to  live  in  moss  and  under  leaves,  stones, 

etc.,  on  the  soil,  though  nothing  is  on  record 
as  to  their  habits  in  India.  Wood-Mason 

records  finding  a  single  species  in  Calcutta. 

(Journ.  Asiat.  Soc,  Bengal,  1876  ;  Ann.  Nat. 
Hist.  IV,  18).  Japyx  oudemannsi,  Par.;  and 
J.  indicits  Oudem.,  are  reported  from  Burmah. 
We  have   found  one  species   (Fig.  2)  common 
among  decaying  vegetation  and  in  soil ;  it  is  a 

Fig.  2-jApyx  sp.    X  8.     ,  ,.    °_        /.,  ̂  . delicate  white  in- 
sect, with  the  forceps  chitinised  and  brown. 

It  is  common  in  Pusa  and  in  Nagpur,  and  is 

probably  common  throughout  the  plains. 

Machilida. 

Well  developed  compound  eyes  are  present. 
The  mouthparts  are  exserted  and  visible. 

Apparently  more  than  one  species  of  this 

family  occur  in  India,  one  on  rocks  and  an- 
other among  dry  decaying  leaves. 

The  latter  is  a  dark  grey  insect  found 
in  the  open.  The  body  is  elongate,  a  little 

over  a  quarter  of  an  inch  long  (without  the 

cerci)  tapering  from  the  base  of  the  abdo- 
men to  head  and  tail.  Compound  eyes  are 

situated  at  the  vertex  of  the  head;  the 

antennae  are  simple  and  tapering.  The 

mouthparts  are  inconspicuous  with  long 
mazillaiy  and  shorter  labial  palpi.    The 

body  is  densely  scaled  and  ends  in  three '^- '-*'ff'«^'''»'^"':?''*  -^  *■ ■'  •'  {from  Lubboek). 



APTERA. 

Wingless  insects,  the  mouthparts  mandibulate.    Antennae  and  legs  simple, 
the   integument  soft,   clothed    in  scales  or  hairs,  the  segments 

undifferentiated  and  little  co-adapted.    There  is  no  meta- 

morphosis, the  development  being  gradual. 

Tlie  order  includes  only  a  small  number  of  minute  wingless  insects 
of  extreme  delicacy,  supposed  to  be  soavengcis.  The;  mouthparts  are 
concealed,  formed  for  biting.  The  legs  are  often  long,  and  there  are 

frecjuently  abdominal  appendages  in  the  form  of  cerci,  springs,  etc. 

The  body  may  be  completely  clothed  with  fine  scales.  There  is  no  meta- 
morphosis and  no  changes  take  place  in  external  appearance  during  life, 

except  growth  in  size.  Most  of  them  livp  in  concealment,  their  food  con- 
sisting of  dried  or  decaying  vegetable  matter,  so  far  as  is  known.  None 

are  of  importance  economically,  one  genus,  Lepisma,  being  a  minor 
household  pest. 

Aptera  are  divided  into  two  suboi'ders  and  eight  families.  The 
Thymnura  have  ten  abdominal  segments  and  consist  of  four  families. 

The  Collembola  have  six  abdominal  segments  with  a  peculiar  tube-like 

structm-e  below  the  first. 

iCampodeidcB.       ,  
i  Lipuridw. 

Lepismidcp.         i  I  NeeMce. 

Campodeidje. 

The  abdomen  terminates  in  a  pair  of  jointed  cerci;  the 

mouthparts  are  concealed. 

The  cosmopolitan  insect  Campodea  staph ylinits  Westd.  (Fig.  1)  or  a 

form  very  close  to  it  occurs  in  India  in  damp  moss,  among  damp  decay- 

ing vegetation  and  in  similar  positions.    It  is  a  slender  white  insect, 

with  moderately  long  antennte,  with  cylindrical  body  and  with  two 
anal  cerci. 
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Lepismida  are  common  enough,  though  all  may  belong  to  the 

above  species ;  they  shun  light,  live  behind  books  among  paper  and  in 

dark  comers  and  are  supposed  to  feed  on  starchy  and  sugary  matter. 

Their  body  is  clothed  with  flat  scales  which  give  them  a  greasy  feel 

and  the  shiny  appearance  that  characterises  them.  The  surface  of 

paper  is  commonly  eaten  by  these  insects  probably  because  of  the 

material  used  in  glazing  it  and  they  can  be  in  this  way  destructive. 

Colkmbola. 

We  are  not  aware  of  any  described  Indian  species  and  only  a  few 

have  been  collected  or  observed.  Species  of  the  first  two  families 

appear  to  be  common  in  damp  situations  as  in  decaying  vegetable  matter 
and  wet  moss,  under  stones  by  streams,  where  water  drips  and  under 

bark.  In  general  one  finds  such  conditions  for  so  brief  a  time  in  the 

plains  that  these  delicate  insects  are  probably  not  abundant,  though 

they  are  so  in  the  hills. 

ColJfcfing.— Though  of  no  economic  importance,  this  order  is  well 

worth  studying.  The  best  method  of  collecting  is  to  use  a  camel-hair 

brush  which  is  dipped  into  a  mixture  of  glacial  acetic  acid  and  strong 

alcohol  and  with  which  the  little  insects  can  be  caught  and  put  in  a 

tube  of  this  mixture.  They  are  afterwards  transferred  to  70%  spirit. 

Berlese's  funnel  trap  is  a  good  method  of  separating  these  insects  from 

leaves,  moss,  etc. 
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cerci  of  which  the  middle  is  the  longest.  On  the  ventral  surface  of 
the  second  and  third  thoracic  and  each  abdominal  segment  is  a  slender 

jointed  appendage,  those  on  the  6th,  7th  and  8th  abdominal  segments 

being  longest.  The  legs  are  simple,  tapering,  the  joints  little  difieren- 
tiated,  the  tarsi  two  jointed.  The  female  has  a  straight  slender 

ovipositor.  These  little  insects  run  on  rocks  and  live  in  the  cracks ;  they 

are  apparently  nocturnal  and  appear  to  feed  on  lichens  on  the  rocks. 

Fig.  4-LEPI8MA  8ACCHARINA      X  6. 

(Frotn  tubboek). 

IS  a  termit- 
ophilous  genus  constituted 

by  Escherich  for  the  recep- 
tion of  A .  spinosissima  and 

A .  inermis  from  India  (Zool. 

Anz.  30,  p.  744).  Platy- 
stelea  barhifer,  Esch.  is  also 
recorded  from  nests  of  ter- 

mites in  India. 

Lefismid.^. 

Body  fiatlened,  clothed  in 
scales;   eyes  small,   mouth- 

parts  exserted. 
The  common  fish  insects 

of  houses  arc  members  of 

this  family  and  are  found 

throughout  India,  as  pract- 
ically throughout  the  world. 

Annandale  has  recorded 

Lepisma  (Acrotelsa)  coUaria, 

Fabr.,a8a  fish  insect  of  Cal- 
cutta (Joum.  Asiat.  Soc, 

Bengal,  1906,  "Vol.  II,  p. 
346),  and  mentions  this  as 

the  only  recorded  Indian 

species.  The  Himalayan 

species  is  apparently  L. 
saccharina  (Fig.  4). 
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ORTHOPTERA. 

The  antennae  filiform  or  setaceous,  of  variable  length.  The  nnouthparts 

manclibulate,  of  the  herbivorous  type.  The  first  pair  of  wings  (tegmina) 
thickened,  coloured  or  ornamented,  narrow  with  nearly  parallel  sides. 

The  second  pair  of  wings  large,  membranous,  with  many  fine  nervures, 
hyaline  and  often  coloured,  folded  below  the  first  pair  in  repose.  The 
forelegs  formed  for  running  or  for  capturing  prey.  The  hind  legs  formed 
for  running  or  leaping,  in  the  latter  case  long  and  powerful  Cerci  are 

usually  present.  There  Is  no  perfect  metamorphosis,  the  young  differing 
from  the  adult  chiefly  in  size,  colour  and  the  absence  of  functional  wings 
and  reproductive  organs.  A  small  proportion  never  become  winged. 
The  imaginal  life  is  often  longer  tlvan  the  nymphal  life  and  occupies 
the  greater  part  of  active  life.  The  order  includes  moderate  to  large 
sized  inspcts,  the  majority  scavengers  or  herbivores,  a  part  predaceous 
on  other  insects.  None  are  aquatic,  social,  or  parasitic  in  living  plants 
or  insects. 

The  order  is  divided  into  sevpii  clearly  defined  families,  four  of  which 

form  one  series  in  which  the  hind  legs  are  normal,  three  of  which  form 

a  second  series  in  which  the  hind  legs  are  long  and  formed  for  leaping. 

Forficulidfr.  Abdomen  terminates  in  forceps.  Teg- 
mina shortened.     (Plate  1,  fig.  1). 

Blnttidw.  Flattened,  head  deflexed,  coxk;  large. 

(Plate  1,  fig.  '1). 
MantidcB.        Forelegs    raptorial.     Prothorax    long. 

(Plate  1,  fig.  3). 

.PhasmidcK.      Mesothorax  long.    (Plate  1,  fig.  4). 

'AcridiidcB.  Antennae  short.  Auditory  organ  on  ab- 
domen.    (Plate  1,   fig.  5). 

LocustidfB.      AntennsD  long.    Auditory  organ  on  fore- 
tibia.  Tarsi  four-jointed.  (Plate  l,fig.  6). 

Oryllidw.  Antennae  long.*  Auditory  organ  on 
fore- tibia.  Tarsi  three- join  ted.  Teg- 

mina angled.    (Plate  1,  fig.  7). 

HJxoept  Tridaetylinm  rBcognisable  by  the  absence  of  hind  tarai  and  Oryllotalpa. 

Hind  legs 
NORMAL. 

Hind  leos 
FORMED 

FOR  LEAPING. 
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Whilst  these  families  are  in  the  main  clearly  distinct,  their  relation- 

ships are  by  no  means  clear.  Many  entomologists  regard  the  ForficuU- 

das  as  a  separate  order  (Euplexoptera).  Blattidce  are  a  geologically  an- 
cient family  whose  connection  with  present  day  insects  is  not  clear. 

PhasmidcB  are  also  an  ancient  family  from  which  may  have  branched 
the  MantidcB  on  one  side,  the  AcndiidcB  as  well  as  the  LocustidcB  and 

GryUidm  on  the  other.  The  last  two  are  undoubtedly  closely  allied 
and  such  aberrant  forms  as  Schizodactylus  may  well  be  placed  in 
either. 

OryllidcB  is  much  more  an  aggregation  of  divergent  tribes  which 
may  or  may  not  have  a  common  ancestor  and  bo  be  included  in  one 
family,  than  is  for  instance  AcridiidcB  which  is  a  homogenous  family. 
Until  further  evidence  is  available,  a  reasonable  view  is  to  Tegari  Blattidce 
and  Phasmida  as  two  archaic  families  still  existing  in  a  slightly  modified 
form,  from  the  latter  of  which  descended  the  carnivorous  MantidcB  on 
one  side,  the  common  ancestor  of  the  Acridiidce  and  the  herbivorous 
LocustidcB  on  the  other,  from  which  we  have  the  carnivorous  LocustidcB, 

the  burrowing  crickets  (from  some  such  form  as  Schizodactylus),  the 

various  other  tribes  of  GrylUdce  from  other  forms  of  primitive  Locus- 
tidcB. The  ForficulidcB  are  possibly  an  ofE-shoot  from  a  primitive  form 

of  a  Blattid  ancestor  and  although  retaining  the  characters  of  the 

primitive  Orthopterous  ancestor,  are  now  distinct;  it  is  equally  probable 

that  they  are  a  distinct  family  more  closely  related  to  the  primitive  an- 
cestor of  the  Coleoptera.  Whatever  view  may  be  held  by  science  when 

more  information  is  available,  these  seven  families  arc  usefully  aggregat- 

ed in  one  order  and  the  separate  families  are,  as  a  rule,  easy  to  distin- 
guish. It  is  unfortunate  that  the  name  Locuata  should  have  been  applied 

by  Linnspus  to  an  insect  that  is  not  sufficiently  close  to  the  "locusts"  to 
be  in  the  same  family;  the  result  is  that  taking  the  family  name  from  the 

oldest  named  member,  LocustidcB  does  not  include  '  'locusts' '  which  are 
AcndOdcB.  Entomologists  sometimes  evade  the  difficulty  by  naming 

the  Locustid  family  PhasgonuridcB  or  by  transposing  the  names  and  ap- 

plying the  name  LocustidcB  to  the  AcridUdcB.  Mr.  Kirby  calls  our  Acridi- 

ids,  LocustidcB,  our  Locustids,  PhasgonuridcB,  and  our  Gryllids,  Achetidce. 

The  more  important  papers  are  the  following  :— 

Stal,  Recensio  Orthopterorum  (1873),  Brunner,  Revision  du  Sys- 

teme  des  Orthopteres  (1893).    Walker— -Catalogue  of  Dermaptera  Sal- 
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tatoria  (1869-1871).    Bolivar — Orthopteres  de  St.  Joseph's  College  (Ann. 
Soc.  Ent.  Prance,  1897,  p.  282;  1899,  p.  761 ;  1901,  p.  580). 

FoRFicULioai. — Earwigs. 

Slender  insects,  the  forewings  short  and  covering  the  hindwings,  which 

are  large  and  radially  folded  ;  the  abdomen  terminates  in  a 

pair  of  processes  formed  like  forceps. 

Fig.  5— An  kakwig  with  expanded  wings. 

The  earwigs  are  medium-sized  insects,  rarely  exceeding  half  an  inch 

in  length,  rarely  less  than  one  quarter  of  an  inch.  The  forceps  at  the 

extremity  of  the  abdomen  is  characteristic  of  the  family  and  while  very 

diverse  in  form,  is  at  once  recognizable.  There  is  a  superficial  resem- 

blance to  the  Staphylinid  beetles  but  the  latter  never  have  forceps.  The 

colours  are  sombre,  black,  brown  and  chestnut  predominating;  none 

are  brightly  coloured  but  all  have  the  dull  colour  of  insects  that  live  in 

concealment  or  on  the  surface  of  the  soil. 

The  head  and  body  are  somewhat  flattened,  the  legs  of  moderate 

length,  adapted  to  running  swiftly  on  the  surface  of  the  soil.  The
  an- 

tenna are  about  half  the  length  of  the  body,  composed  of  a  number  of 4 
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almost  moniliform  joints.  The  mouthparts  are  of  the  mandibulate  type, 
the  mandibles  fonned  for  crushing  the  food,  the  labium  and  maxillae  for 
further  mastication  of  the  crushed  food.  The  labial  and  maxillary 

pulps  are  apparently  tactile  organs,  used  to  determine  the  nature  of  the 

food.  The  compound  eyes  are  large  with  many  facets ;  the  thorax  is 

of  moderate  size,  its  parts  little  poadapted ;  the  upper  wings  (tegmina) 
are  short  and  thickened,  rarely  covering  more  than  the  base  of  the  ab- 

domen. The  lower  wings  fold  into  small  compass,  but  are  large,  round, 

with  short  radial  ribs,  the  outer  part  folding  back  on  the  basal,  the  basal 

folding  radially  as  a  fan  does ;  this  wing  is  a  beautiful  structure,  which 

can  be  opened  with  care  and  in  which  the  method  of  closing  is  more  com- 
plex than  in  the  wings  of  any  other  insect.  The  abdomen  is  often 

broader  than  the  rest  of  the  body,  the  segments  imbricate,  terminating 

in  the  forceps  which  are  in  some  species  half  the  length  of  the  whole  body. 
These  forceps  vary  immensely  in  size  and  stnicture  in  different  species 
and  are  not  constant  in  length  even  in  the  same  sex  of  some  species. 

Those  of  the  male  are  commonly  larger;  bilateral  symmetry  is  not 
always  preserved,  and  in  a  few,  one  limb  crosses  the  other.  The  sexes 

are  similar  in  general  appearance ;  the  male,  however,  having  a  greater 

number  (nine)  of  visible  ventral  segments,  the  female  having  only 
seven.  There  are  wingless  forms,  also  some  in  which  the  tegmina  are 
reduced  to  functionless  lobes.  These  species  resemble  the  young  of 

winged  species,  but  the  latter  have  a  softer  integument,  less  developed 
forceps  and  a  smaller  number  of  joints  in  the  antennie. 

Little  is  known  of  the  life  history  and  habits  of  Indian  earwigs, 

though  that  little  agrees  with  what  is  known  of  the  family  elsewhere.  Of 

these  insects,  as  a  whole,  it  may  be  said  that  the  round  white  eggs  are 

laid  in  a  mass  in  the  ground  or  in  shelter,  the  female  in  some  cases  re- 
maining with  them  until  they  hatch.  The  young  are  white  at  first  and 

while  similar  in  general  form  to  the  adults  are  likely  to  be  mistaken  for 

Thysanura.  The  transformation  is  a  gradual  one,  the  number  of  moults 

not  being  known.  The  following  account  from  Cuvier's  Natural  History 
relates  to  Forfiada  auricularia,  llinn.  the  European  Earwig : — 

' '  This  curious  insect,' '  observes  Mr.  Kirby,  ' '  so  unjustly  traduced 
by  vulgar  prejudice — as  if  the  Creator  had  willed  that  the  insect  world 
dtould  combine  witliin  itself  examples  of  all  that  is  most  remarkable  in 
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every  other  department  in  nature — still  more  nearly  approaches  the 
habits  of  the  hen  in  the  care  of  her  family — she  absolutely  sets  upon  her 
eggs,  as  if  to  hatch  them — a  fact  which  Frisch  appears  first  to  have  no- 

ticed— and  guards  them  with  the  greatest  care.  Degeer,  having  found 
an  earwig  thus  occupied,  removed  her  into  a  box  where  there  was  some 

earth,  and  scattered  the  eggs  in  all  directions.  She  soon,  however,  col- 
lected them,  one  by  one,  with  her  jaws,  into  a  heap,  and  assiduously  sat 

upon  them  as  before.  The  young  ones  which  resemble  the  parent,  ex- 
cept in  wanting  elytra  and  wings,  and,  strange  to  say,  are,  as  soon  as 

born,  larger  than  the  eggs  which  contained  them,  immediately  upon 

being  hatched,  creep  like  a  brood  of  chickens  under  the  belly  of  the  mo- 

ther who  very  quietly  suffers  them  to  push  between  her  feet  and  will 

often,  as  Degeer  found,  sit  over  them  in  this  posture  for  some  hours. 

This  remarkable  fact  I  have  myself  witnessed,  having  found  an  earwig 

under  a  stone  which  accidentally  turned  over,  setting  upon  a  cluster 

of  young  ones,  just  as  this  celebrated  naturalist  has  described." 

Diflatys  longisetosa,  Westw.  has  a  remark- 

able nymph  (fig.  6),  in  which  the  abdomen 

terminates  in  a  pair  of  long  many- join  ted  pro- 

cesses, of  which  the  basal  joint,  at  the  final 

moult,  is  transformed  into  the  forceps  (Green, 

Trans.  Ent.  Soc,  London,  1898,  p.  381  [Dys- 
critina] ). 

Equally  little  is  recorded  or  known  of  the 

food  of  earwigs.  Apparently  it  consists  of  decay- 

ing  vegetable  matter,  of  pollen,  of  the  sap  of 

plants  and  possibly  often  of  small  insects  or  other 

small  forms  of  animal  life.  Earwigs  are  found  in 

decaying  trees,  under  bark,  among  rotting  vege- 

tation and  the  deposit  of  leaves  under  trees,  under 

stones,  in  flowers,  in  the  tangled  roots  of  plants 

(e.g.,  sugarcane),  and  in  other  similar  situations
; 

they  hide  away  and  live  principally  un
der 

shelter  in  damp  places.  Their  form  is  adapt
ed 

to  running  quickly  and  easily  among  leav
es, 

^•^^  "lSL^?rv«pr''""'gra8S,  roots,  etc.,  and  flight  is  but  rarely  utilised. 
{A/UrGrun).  ' 
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Labidwa  lividipea  and  L.  riparia,  fly  at  night  and  come  frequently  to 

light,  the  only  Forficulids  observed  to  have  this  habit.  They  are  not 
formed  for  actual  burrowing,  but  are  part  of  the  Fauna  of  the  surface  of 

the  ground,  as  are  the  Carabidce,  BlattidcB,  TenebrionidcB,  Lygcddte,  etc. ; 

less  is  known  of  this  "surface  fauna"  than  of  any  other,  from  the  great 
difficulty  of  observation.  The  function  of  the  forceps  is  a  mystery  that 

will  be  cleared  up  only  when  their  food-habits  and  general  life  are 
better  understood.  It  has  been  suggested  that  the  forceps,  though 
not  actual  weapons  of  defence,  appear  as  such  and  give  the  insect  a  more 

formidable  appearance  which  protects  them  against  the  enemies  that 

occur  in  their  habitat;  a  tew  species  can  actually  use  their  forceps  as 
feeble  pinching  organs  and  the  power  to  do  so  may  have  been  more 
fully  developed  in  the  more  primitive  species;  there  is  also  some 
reason  to  believe  that  the  forceps  are  useful  in  carrying  out  the  rather 
complex  folding  of  the  hind  wing;  neither  explanation  is  a  satisfactory 
one. 

Earwigs  are  most  active  in  the  rains  and  damp  weather,  being  de- 
pendent upon  moderately  damp  conditions  ;  in  irrigated  lands  they  are 

active  throughout  the  year  except  when  cold  drives  them  to  hibernation 
in  shelter,  as  happens  in  colder  parts  of  the  plains.  There  appear  to  be 

no  definite  seasons  for  reproduction,  and  individuals  of  different  ages 
may  be  found  at  any  time.  None  are  recorded  as  pests  in  India,  though 
they  are  often  believed  to  be  injurious  owing  to  their  habit  of  coming 
to  wounded  tissues  of  plants  to  obtain  sap  ;  they  are  thus  found  under 

very  compromising  conditions,  but  investigation  has  shown  that  the  in- 
jury was  caused  by  other  insects,  and  there  is  no  reason  to  believe  that 

any  can  be  regarded  as  pests.  A  few  are  constant  frequenters  of  the 

sea-shore  and  are  found  almost  throughout  the  world  among  the  sea- 
weed and  debris  thrown  up  on  the  beach. 

Earwigs  are  found  throughout  the  temperate  and  tropical  parts  of 

the  globe  ;  they  are  less  common  in  India  than  in  other  countries,  but  a 
fair  number  of  species  are  already  .known  from  India.  They  do  not  fall 
into  wdl-marked  sub-families  and  may  be  regarded  as  a  distinct  and 

fairly  homogeneous  family.  Bormans  and  Krauss  describe  76  species 

from  India  including  Buimah,  the  majority  being  Burmese  species. 

Eiiby's  catalogue  gives  only  48  as  Indian,  and  more  have  been  described 



FOBFIOULIDiE. 53 

from  India  by  Burr;  this  does  not  include  species  found  in  Ceylon  only. 
The  number  of  known  species  will  be  increased  when  more  attention  is 

paid  to  this  group  in  India,  and  some  of  the  commonest  species  have 

been  found  to  be  undescribed.  The  student  should  consult  Burr's 
paper  on  Ceylon  Forficulidse  (Jour.  Bombay  Nat.  Hist.  Soc,  XIV,  59), 

his  papers  on  Indian  species  (Jour.  Asiat.  Soc.  Bengal,  1905,  p.  27  ; 
and  1906,  p.  387) ;  and  his  revision  of  part  of  the  family  (Trans.  Ent. 
Soc,  London,  1907,  p.  91). 

Diplatys  is  represented  by  several  sub-tropical  species ;  D.  longi- 

»e<osa,  Westw.  is  marked  by  the  long  multi-articulate  setae  of  the  nymph, 
the  basal  joint  of  which  is  stated  to  be- 

come the  forceps  of  the  adult.  Forci- 
pula  has  three  species  in  India ;  Labidura 

is  represented  by  several  species.  L. 
riparia,  Pall.  Z/.  benyalensis,  Dohrn.  (fig.  7), 
and  L.  lividipen  Duf.  are  common  in  grass 
and  are  obtainable  in  numbers  when  a 

grass  lawn  is  flooded  with  water.  An- 
isolabis  maritima.  Gene,  is  a  world-wide 

species,  found  in  sea-weed  on  the  beach. 
J.  annulipes,  Luc.  is  a  wingless  species, 
found  abundantly  in  the  plains  on  the 
soil.  Labia  minor,  L.,  is  a  common  insect 

not  only  in  Asia  but  in  Europe,  Africa 
and  America,  found  in  flowers  and  on 

plants,  rarely  seen  on  the  wing  by  day. 
Chelisoches  is  represented  by  nine  species, 

C.  morio,  Fabr.  being  spread  over 
the  coasts  of  the  South  Pacific  and 

Indian  Oceans.  0.  melanocephalus,  Dohrn.  has  been  found  commonly 

in  sugarcane  roots  and  also  in  the  tunnels  of  the  borer  caterpillars  in 
the  cane.  Apterygida  gravidula,  Gerst.  is  widespread  and  there  are 

other  species  of  this  genus.  Several  species  of  Forficula  are  recorded, 

though  the  widespread  F.  auricularia,  L.,  the  common  earwig  of 

Europe,  has  not  been  found. 

Collecting. — Earwigs  will  be  found  only  by  patient  search  if  they  arc 
to  be  specially  collected.    In  the  course  of  general  collecting  one  finds 

Fi|;.  7— Labidvka  benoalknsis. 
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them  in  flowers,  under  stones,  among  decaying  vegetation  and  fallen 
leaves,  among  debris  on  the  beach.  Some  are  found  in  houses,  especially 

in  damp  places,  such  as  bathrooms  in  the  hot  weather ;  others  will  be 
found  at  the  roots  of  plants  in  the  cold  weather.  Many  come  to  sap. 

or  are  found  in  bored  canes  or  in  other  situations  where  the  sap  of  a 

plant  is  exposed.  A  few  come  to  light,  but  this  is  rarely  a  useful  me- 
thod of  collecting  them.  When  caught,  they  should  be  killed  in  a 

cyanide  or  B.  V.  bottle  and  pinned  through  the  right  wingcase.  Tare 
is  needed  to  open  the  left  lower  wing,  though  this  is  not  usually 
necessary. 

WHERE  INSECTS  LIVE. 

Insbcts  are  small  creatures  and  very  abundant;  where  are  they  all? 
At  some  times  in  the  year  one  can  easily  gather  at  least  one  hundred 
thousand  insects  within  one  day  over  a  space  of,  say  a  few  acres ;  at 
another  time  there  would  not  appear  to  be  an  insect  obtainable  in  that 
space  and  yet  the  insects  must  be  somewhere.  It  is  when  one  comes  to 
try  to  answer  this  question  that  one  realizes  the  absolute  truth  of  the 
statement  that  insects  are  to  be  found  everywhere  on  the  surface  of  the 
earth  within  a  narrow  zone  which  includes  20  feet  of  the  solid  soil,  the 
vegetation  that  stretches  up  from  the  soil  for  some  100  feet,  and  to  a 
slight  exteftt  the  air  above.  Excepting  for  the  moment  the  artificial 
erections  of  man,  we  are  not  far  from  the  truth  in  saying  that  this  zone 
is  very  completely  occupied  by  insect  life  in  some  form  or  other.  It  may 
be  hoped  that  light  will  be  thrown  on  this  point  some  day  by  the  very 

carefm  investigation  of  the  fauna  of,  say  one  square  mile  of  the  earth's surface,  including  this  zone  we  speak  of,  covering  average  areas  of  fallow, 
crop,  grass  land,  bush,  jungle  and  forest.  The  number  of  actual  living 
insects  in  some  form  or  other  will  be  surprising.  Commencing,  say  20 
feet  down,  there  are  the  deeply  burrowing  insects,  the  termites,  the  dung 
beetles,  the  Cicadid  nymphs,  and  the  crickets  ;  within  six  feet  of  the  sur- 

face we  come  to  the  insects  that  burrow,  but  do  not  go  so  deep ;  the  ants 
are  conspicuous  examples,  as  are  all  the  above-mentioned  insects  which 
cannot  go  deep  in  some  soils ;  Scarabaeid  grubs  are  near  the  surface,  as 
are  Tipulid  maggots,  Cicindelid  grubs  ;  nearer  still  to  the  surface  are 
the  surface  crickets  which  only  make  tunnels  as  shelters,  the  many 
digger  wasps  and  other  boring  Acuieates,  the  burrows  of  some  Carabids, 
such  as  Anthia ;  quite  near  the  surface  our  fauna  might  be  immense  if  we 
dug  in  winter,  as  we  should  find  the  coimtless  pupae  of  the  hibernating 
beetles,  of  moths,  of  Diptera ;  we  should  also  find  the  many  adults 
which  seek  shelter  there,  as  well  as  abundant  egg  masses  and  many 
half-grown  larvae  not  yet  ready  to  pupate.     At  any  season  there 
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in  such  myriads  on  a  clear  still  day  are  certainly  peculiar,  and  it  is  at 
least  probable  that  a  nuniber  never  come,  in  this  form,  within  our  ken, 
but  remain  at  higher  levels ;  then  too  no  one  knows  what  insects  are 
found  in  the  air  above  the  trees  or  how  far  this  zone  extends  ;  what  do 
swallows  get  when  they  are  hawking  high  up,  far  above  the  trees  ?  Ait- 
ken  speaks  of  a  butterfly  (Melanitis  ismene)  soaring  far  above  into  the 
air  and  no  one  knows  what  countless  forms  of  winged  insects  may  not  go 
to  these  levels  as  soon  as  they  emerge.  There  must  be  a  limit  to  this 
zone,  but  we  would  hesitate  where  to  put  it  unless,  for  the  plains,  we  give 
an  outside  limit  of,  say  3,000  feet.  When  the  day  of  flying  machines 
dawns  we  shall  certainly  find  insects  of  interesting  kinds  above  the  trees, 

and  we  should  like  to  see  "  kite  ' '  nets  employed  to  investigate  the fauna. 

It  is  perhaps  not  unprofitable  to  consider,  in  the  light  of  the  above 
remarks,  how  little  of  our  insect  world  we  probably  know  or  attempt 
to  know.    In  this  country,  progress  beyond  the  stage  of  classifying  and 
naming  the  insects  most  easily  got  has  scarcely  been  made  at  all  and  this 
must  come  first ;  but  it  is  certain  that  the  only  insects  that  have  been 
found,  named  and  placed  in    Museums  are  those  which  fly  by  day,  or 
which  Uve  on  bushes,  etc.,  above  ground,  or  which  come  to  light.    A 
great  number  of  insects  come  to  light,  notably  perhaps  a  part  of  the 

'  'surface  soil  fauna' '  and  other  retiring  insects ;  but  we  do  not  know  that 
there  are  not  hordes  which  never  come  to  light,  which  are  never  seen, 
and  of  which  we  are  quite  ignorant.    This  is  true  probably  of  all  countries 
and  the  fauna  of  the  soil,  except  as  regards  the  large  forms,  is  extremely 
little  known  even  where  naturalists  and  collectors  abound.    (The  same 
is  to  some  extent  true  of  freshwater.)    How  much  more  will  this  not  be 
the  case  with  the  tropics,  especially  with  the  drier  parts  where  much  of 
the  fauna  is  known  to  go  to  the  soil.    We  know  from  experiment  that 
many  species  go  to  the  surface  soil  to  spend  the  hot  weather ;  but  there 
are  no  records  that  they  were  ever  found  there  ;  put  out  a  light  trap  on  a 
still  moist  evening  during  the  monsoon  and  see  the  countless  insects 
that  come  and  the  number  of  kinds ;  very  many  are  never  found  in  any 
other  way,  yet  they  and  how  many  more,  must  be  hidden  somewhere. 

BhATriDM. — Cockroaches. 

Flattened  insects,  the  large  foremngs  lying  flat  on  the  abdomen, 

comvletdy  covering  tlte  hindumgs.    Coxee  large  and  covering 
the  lower  surface  of  the  thorax.    The  head 

turned  down  and  hidden  from  above. 

Cockroaches  have  a  very  characteristic  general  appearance  and  are 

usually  recognizable  at  sight ;  they  include  small  fragile  insocta  of  a. 
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would  be  many  such,  not  hibernating,  but  pupating  or  feeding  or  in  the 
egg  stage.    The  fauna  of  these  few  inches  would  be  of  great  interest, 
and  we  venture  to  assert  that,  in  India  at  least,  much  light  would  be 
thrown  on  many  insects'  life-histories  were  it  better  known.    Coming to  the  actual  surface  a  large  fauna  would  reward  us  where  any  fallen 
leaves  and  the  like  offered  shelter  and  food  ;  we  have  referred  often  to 
this  fauna,  a  very  extensive  medley  of  black  and  dark  brown  insects, 
puch  as  Earwigs,  Cockchafers,  Embiids,  Carabids,  Staphylinids,  Clavi- 
cornia  of  many  families,  Tenebrionid  and  other  beetles,  as  well  as  the 
Cydnine  division  of  the  Pentatomidse,  the  Lygeeidse,  the  Reduviids  and 
the  Capsids ;  besides  these  there  are  the  abundant  larvae  of  beetlo-i,  of 
Diptera   a  few  of   Lepidoptera,  piobably  outnumbering  all  the  remain- 

der and  teeming  in  favourite  places.    A  square  foot  of  good  soil  coveied 
in  leaf  mould  ofEers  a  great  variety  anywhere,  and  it  is  only  on  very  dry 
or  hard  soil  that  one  can  anywhere  find  a  square  foot  unoccupied  and 
usually  no  square  inch.     This  little  part  of  our  zone  is  one  centre,  the 

home  of  the  light-shunning  surface-  fauna  which  works  at  night  and  which 
makes  up  so  large  and  so  unknown  a  portion  of  the  fauna.    It  may  be 
noted  that  this  part  of  our  fauna  is  probably  far  less  important  in  sub- 

tropical India  than  it  is  in  tropical  India,  the  surface  fauna  in  the  former 
being  comparatively  small.    Above  that  we  are  on  surer  ground  and  the 
variety  is  not  so  confusing ;  for  each  part  of  our  plants  will  have  their 
own  fauna  ;  the  stems  contain  borers,    the  Buprestids,    Cerambycids, 
Pyralids,  Cossids  and  the  like ;  the  bark   shelters  multitudes  if  it  is 
at  all   loose  or  decomposing    and  here   again  is  a  centre  of  activity, 
nor   rivalling   our    chief   centre  but    very    important   and   crowded ; 
even  the  outside  of  our  stems  and  trunks  has  cocoons  and  such  like,  as 

well  as  a  whole  fauna  of  its  own  in  the  case  of  a  large  tree  round  which 
debris  collects.    No  one  has  ever  described  the  fauna  of  the  heap  of  de- 

caying leaves,  bark,  etc.,  found  round  the  base  of  the  trunk  of  a  large 
pipal,  for  instance,  which  is  the  home  of  numberless  insects,  the  resting 
place  of  pupse,  the  place  of  deposition  of  eggs.    Our  low  plants  have  their 
own  fauna,  a  very  large  one  too,  of  herbivorous  caterpillars,  of  leafmining 
Diptera,  Coleoptera  and  Microlepidoptera,  of  gall  insects,  of  the  seed- 
eating  species  of  caterpillars,  of  the  sucking  bugs  and  aphids  ;  apart  from 
the  plant,  the  two  feet  or  so  of  air  space  round  the  plants  teems  with  the 
active  flying  forms,  with  bees  and  wasps,  with  butterflies  and  beetles, 
with  flies  and  grasshoppers,  all  the  lives  that  lives  on  and  round  and  among 

low  plants.    It  is  this  fauna  which  is,  in  moist  sub-tropical  India,  with 
its  immense  flora,  so  extensive  and  which  is  of  much  greater  relative  im- 

portance in  this  zone  than  it  is  in  tropical  India.    A  reduplication  of  this 
fauna  is  found  higher  up,  in  or  among  the  taller  forms  of  vegetation, 

such  as  bamboos  and  grasses  and  to  a  large  extent  this  faima  is  quite  dis- 
tinct if,  as  is  true,  human  beings  live  wholly  in  the  six  feet  of  air  space 

lying  immediately  over  the  soil,  so  also  insects  are  largely  restricted  each 

to  its  particular  zone,  and  we  believe  there  is  a  very  distinct  and  peculiar 
fauna  of  the  air  at  the  tree  levels  ;  the  dancing  insects  that  may  be  seen 



BLATTID^. 

57 
quarter  of  an  inch  in  length  to  larger  robust  forms  which  measure  nearly 
two  inches.  They  are  coloured  in  sombre  sheds  of  brown  and  black, 

only  a  few  species  with  conspicuous  bands  or  spots  of  yellow  or  orange 
which  may  constitute  a  degree  of  warning  coloration  and  are  usually 
found  in  the  diurnal  species  living  to  some  extent  exposed.  The  an- 

tenn89  are  long  and  filiform,  functioning  as  deUcate  sense  organs ;  the 

mouth-parts  are  of  the  non-predaceous  biting  type,  the  mandibles  short 
and  massive,  the  labial  and  maxillary  palpi  well  developed.  The  body 
is  generally  soft,  the  chitinous  plates  of  the  integument  not  firmly  uuited 

and  the  chitin  usually  less  thick  than  in  other  insects.    The  flattened 

body  and  slippery  surface 
enable  the  msect  to  hide 

in  crevices  and  render  it 

more  difficult  to  capture. 
The  abdomen  teiminates 

in  a  i-air  of  phort  jointed 

cerci,  whose  precise  func- 
tion is  not  known.  The 

legs  are  long,  thickly 

spined  and  foraged  for 
quick  running ;  the  first 

pair  are  reduced  in  some 

species.  (Fig.  8.)  Males 
and  females  are  generally 

similar  in  appearance,  the 

former  in  some  instances 

with  a  pair  of  slender 

stvles  at  the  genital  open- 

ing. In  several  species  the 

wings  and  tegnima  are  absent  or  only  imperfectly  developed,  this  being 

correlated  with  the  general  disuse  of  the  wings  throughout  the  family. 

It  is  difficult  to  distinguish  the  wingless  adult  from  a  nymph  of  a  winged 

form ;  the  presence  of  lobes  at  the  hind  angles  of  the  mesonotum  and 

metanotum  shows  the  insect  to  be  a  nymph  of  a  winged  species,  in  most 

Pig.  8 -POLYPHAOA  ^OYPTIACA. 
Fi-om  helow. 

cases. 

The  life-history  of  all  known  species  agrees  in  the  general  features. 
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Eggs  are  laid  in  the  forms  of  a  capsule,  (fig.  9)  a  brown  hard  structure 
of  characteristic  form  containmg  a  considerable  number  of  eggs.  In 
Periplan^a  americana,  out  of  seven  egg-capsules,  four  contained  16 
«ggs,  two  contained  18  and  one  only  12.    Each  capsule  consists  of  a 

Fijf.  fl  — STYLOYGIA  BHOMBIFOLIA. 

AtluU  female  and  egg-cote, 

-double  row  of  cigar-shaped  eggs,  surrounded  by  a  chitinous  coating 
which  is  joined  by  a  wavy  line  which  runs  along  the  one  end  of  the 
rows  of  eggs ;  when  the  eggs  batch,  this  line  opens,  allowing  the  young 
emerge.  It  is  probable  that  the  expan-iion  of  the  eggs  before  hatching, 

-a  common  phenomenon,  is  the  cause  of  the  opening  of  the  egg-capsule, 
bat  ii  is  also  stated  that  the  cement  joining  the  edges  is  softened  by  a 

fluid  secreted  by  the  embryo  just  before  hatching.  The  egg-capsule 

is  not  always  deposited  by  the  female'  as  soon  as  formed,  but  is  in  some 
species  carried  in  the  oviduct  almost  until  hatching  ;  in  a  few  foreign 
species  this  habit  is  carried  to  the  extreme,  and  the  eggs  are  carried  till 

the  7cniiig  hatch.  An  egg  cluster  of  Periplaneta  americana  laid  on  the 

2nd  July,  hatched  on  27  th  July  and  the  nymphs  were  only  half -grown  at 
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on  cockroaches  are  egg-parasites ;  the  ichneumons  of  the  genus  Evama 
lay  their  eggs  in  the  egg  capsules  of  cockroaches  and  the  household 
species  are  not  exempt  from  attack.  Field  cockroaches  are  attacked  by 

fossorial  wasps  of  the  genus  Ampulex,  which  sting  them,  deposit  them 
in  holes  or  crevices  and  lay  an  egg  on  them.  The  unpleasant  odour  of 

the  household  cockroaches  is  probably  protective  and  is  due  to  the  se- 
cretion of  liquid  from  glands  placed  between  the  5th  and  6th  abdominal 

segments.    (Minchin,  Q.  J.  M.  S.,  XXIX.) 

It  is  known  that  cockroaches  contain  internal  parasites  belonging 

to  the  Gregarine  division  of  the  Protozoa,  as  well  as  parasitic  bacteria, 

^"ematodes  {Oxyuris),  Hair  worms  (Gordius)  and  a  Filaria.  It  is  also 
probable   that  the  large  centipedes  which  enter  houses   in  India  are 

seeking  blattids.    Bats   also  feed  on 
cockroaches. 

The  family  is  a  comparatively  large 

one,  with  many  described  species, 
occurring  in  all  parts  of  the  globe. 
The  majority  of  the  Indian  species 
are  described  by  Brunner  and  Bolivar. 

Kirby's  recent  catalogue  of  the  fami- 
ly lists    123    Indian   species,    which 

probably  include   the  majority  of  the 
larger    forms.     The   family  is  being 

listed  by  R.  Shelford   in   Genera    In- 
sectorum ;    it  is   divided  into   eleven 

tribes  by  Brunner,  but  it  is   unneces- 
sary to  consider   these  in  this  place. 

PhyUodromia  (Blatta)  germanica,  Linn, 
is  one  of  the  common  small  species 

found  in  houses  in  India  and  now  cosmopolitan,  probably  introduced 

to  India  from  Europe.    P.  humbertiana,  Sauss.  {cognata)  (fig.  10)  is  a 

small  brown  species,  the  prothorax  marked  with  black  and  light  brown. 
It  is  perhaps  the  most  common  field  species,  found  among   decaying 

vegetation  and  also  on  trees ;  its  eggs  are  laid  on  the  leaves  and  bark  of 

trees.    On  the  soil  is  its  wingless  nymph,  a  small  black  insect  with  me- 
dian and  Ji^jteral  light  stripes.    PhyUodromia  tuppelleetilium,  Serv.,  is 

Fijt. 10— FHYLtODBOMU  HrMBEB- 
TIARA.     X  2g. 
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the  end  of  the  following  April.  The  young  which  emerge  from  the  egg- 
capsule  are  in  general  form  similar  to  the  adult,  the  skin  softer,  the 
antennae  and  cerci  with  fewer  joints,  the  wings  absent.  The  number  of 
moults  is  not  known  ;  in  captivity,  development  is  slow,  the  common 
household  species  (Periplaneta  americana),  requiring  several  months  to 
come  to  maturity.  There  is  reason  to  believe  this  is  the  case  also  with 

the  free-living  species,  and  since  the  possession  of  wings  is  usually  a 
matter  of  slight  importance  and  the  habits  remain  unchanged,  there 

would  not  appear  to  be  any  necessity  for  quick  nymphal  development. 
The  total  length  of  the  life  history  is  not  known,  but  the  imaginal,  like 
the  njTnphal,  life  is  probably  comparatively  long. 

In  all  stages,  cockroaches  are  found  amongst  fallen  leaves,  on  the 

surface  of  the  soil,  under  stones,  in  thick  grass,  and  on  trees  and  plants- 
The  majority  are  nocturnal,  living  in  concealment  on  the  surface  of  the 

soil  and  forming  a  part  of  the  large  "surface  fauna."  The  tree  and 
bush  species  are  diurnal  in  habit.  A  few  are  household  insects  living  in 

buildings  and  these  are  undoubtedly  wild  free-living  species  which  have 

migrated  into  man's  dwellings.  The  food  consists  of  dead  animal  and 

vegetable  matter;  these  insects  are  "scavengers"  and  none  is  known 
to  feed  on  living  plant  tissue  or  to  attack  living  insects.  Plant  sap,  de- 

caying plant  tissue,  dead  insects  and  the  like  probably  represents  the 
food  of  the  free-living  species.  The  household  species  have  the  same 
food-habits,  a  great  variety  of  animal  and  vegetable  substances  forming 
their  food  while  their  dead  brethren  are  freely  eaten  when  hunger 

presses.  Nothing  is  known  as  to  the  activities  of  Indian  sjjecies  during 

the  different  seasons.  Hibernation,  where  necessary,  is  apparently  pass- 

ed in  any  stage  and  there  appear  to  be  no  special  "seasons"  when 
cockroaches  breed.  Excessive  cold,  excessive  heat,  drought  or  hunger 

cause  a  cessation  of  reproduction,  development  and  activity  but  no 
definite  seasons  have  been  made  out.  No  species  is  known  as  a  pest, 

though  those  which  live  in  houses  are  objectionable  and  destructive. 

Sincetliese  insects  are  dependent  upon  cnimbs,  scraps,  and  access  to 

human  food,  cleanliness  and  care  should  prevent  them  thriving.  Where 

they  are  abundant,  the  simplest  precaution  is  the  use  of  borax,  mixed 

with  double  its  weight  of  syrup,  as  a  poison ;  many  ingenious  traps  are 

also  useful  when  baited  with  intoxicating  liquor.    The  principal  check 
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IS the  small  household  species,  common  throughout  the  tropics;  it winged,  of  a  brown  colour  with  varied  dark  markings. 
Styhpyga  (Blatta)  orientalis,  Linn,  is  a  widespread  species,  believed 

to  have  been  introduced  to  Europe  from  tropical  Asia  and  now  carried over  the  world  in  ships.    It  is  a  dark 
coloured  insect  of  a  length  of  a  little 
over  an  inch;    the   tegmina  do   not 
reach  to  the   apex  of  the   abdomen 
and     cover    onlj     the     basal     five 
segments.       The     males     alone    are 

winged.    The  development  in  Europe 
is    stated    to   occupy   as     much     as 
four    years,     the    duration    of    each 
instar    being     very    long.     Styhpyga 
rhombifoUa,   Stoll.    (fig.  9)  is  a  larger 

Fig.  11-PER.PLANETA  AUSTRALASIA,  .^jngi^g^  form,  brown,  with  varied 
yellow  markings,  found  also  in  houses.  This  is  the  most  common 
household  species  next  to  the  large  winged  Periplaneta  amtralasiw,  F. 

Periplaneta  includes  the  two  large  cockroaches  so  common  in  houses 
and  on  board  ships.  Both  are  winged,  red  brown  with  lighter  markings 

on  the  pro  thorax.  P.  australmia,  Fabr.  (fig.  11)  is  smaller  than  ?• 
americana,  Linn,  the  prothorax  more  wholly  dark.  The  latter  has  the 
startling  habit  of  flying  about  in  the  house  before  rain  falls  and  is 
accounted  a  reliable  weather  prophet.  This  habit  is  possibly  a  relic 

of  the  instinct  of  its  original  free-living  ancestor,  which  flew  up  into 
safety  before  the  fall  of  heavy  rain.  Rhyparobia  madercB,  Fabr.  is  a 
cosmopolitan  species,  carried  over  the  world  by  commerce.  Leucophwa 
surinanwnsis,  Linn,  is  a  smaller  thickset  insect,  the  prothorax  black, 
the  tegmina  brown  ;  it  is  common  in  the  open  and  is  widespread  over 
the  tropics.  Panestkia  regalis,  Wlk.  is  a  peculiarly  striking  species, 
black  with  a  broad  band  of  orange  across  the  tegmina.  It  is  one  of 

the  rarer  plains'  species.  Corydia  petiveriana,  Linn,  is  a  beautiful 
cockroach  of  South  India,  the  tegmina  having  large  white  spots,  Hete- 
rogamia  (Polyphaga)  indica,  Wlk.  resembles  a  large  round  woodlouse, 
wingless  and  nearly  circular  in  outline. 

Collecting,— Cockio&ches   are   found   by   searching  under   stones, 
among  fallen  leaves,  on  herbage  and  bushes,  on  the  bark  of  trees,  and 
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among  the  debris  that  accumulates  at  the  foot  of  the  trunk  of  a  large 
tree.  The  smaller  ones  are  found  also  in  thick  (doab)  grass  in  the  hot 

weather.  Syrup  or  fruit  juice  smeared  on  the  bark  of  trees  is  a  good 
bait  but  unless  this  is  alcoholised,  it  must  be  examined  soon  after  dark ; 

if  strongly  alcoholised  the  insects  get  drunk  and  may  be  found  at  any 

time  in  the  night  till  dawn.  A  few  species  are  attracted  by  light.  When 
caught  and  killed,  they  should  be  pinned  through  the  right  tegmen  near 
the  base,  the  legs  and  antennee  set.  Rearing  is  slow  and  difficult ;  the 
right  conditions  of  moisture  and  food  must  be  given  with  plenty  of 
shelter  and  space. 

COSMOPOLITAN  INSECTS. 

A  C0N8IDERABLK  number  of  insects  have  been  carried  by  man  from 
one  country  to  another  and  have  succeeded  in  establishing  themselves 
not  in  one  country  only  but  in  a  large  number  of  countries  ;  the  spread 
of  these  insects  is  continuing  and  they  will  in  time  be  world  wide. 
These  species  are  to  a  large  extent  those  which  can  live  in  houses,  or 
which  infest  grain  and  other  merchandise,  or  which  have  been  carried 
on  living  animals  and  plants.  Naturally  the  household  and  grain 
insects  predominate,  since  commerce  is  carried  on  between  large  cities 
in  which  these  insecte  thrive,  whereas  those  infesting  plants  have  not  the 
same  chance  of  surviving  in  all  cases.  Many  of  our  common  house- 

hold insects  are  cosmopolitan  ;  the  common  silver  fish  of  houses  is 
now  widespread  and  will  become  more  so  ;  the  Cockroaches,  Styhpyga 
orientalis,  Periplaneta  americana  and  P.  australasice,  Rhyparobia 
maderoB  and  LeucopluBa  surinamenais,  are  common  in  India  as  else- 

where ;  with  them  have  gone  their  parasite  Evania  appendigaster,  now 
a  common  insect  and  met  with  on  board  ship.  It  is  probable  that  our 
household  Psocids  are  also  the  same  as  the  European  though  we  are 
not  aware  that  this  has  yet  been  substantiated.  Ants,  (e.g.,  Monomo- 
rium)  as  is  well  known,  constantly  come  with  shipments  of  goods  and 
establish  themselves  successfully  in  new  cities. 

A  host  of  beetles  are  cosmopolites.  Hamilton  gives  a  list  of  100 
beetles  which  he  styles  cosmopolite  or  nearly  so  ;  this  refers  more 
especially  to  Europe  and  North  America  and  indicates  how  large  a 
number  of  insects  have  been  carried  hy  commerce  and  have  succeeded 
in  establishing  themselves  in  new  countries.  Only  a  small  number 
of  these  appear  to  originate  in  the  East. 

The  following  are  Cosmopolitan  beetles  apparently  found  in  India, 

some  possibly  originating  there  (indicated  by*). 
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Sihaniia  surinamensig. 
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SUodrepa  panicen. 
Lcemophlwus  ferrugineua. Dinoderus  pusillvs. 

„       pusilliia. 
Bruehus  chinensis. 

Dermestes  milpinus. „       emarginaius. 
Carpophilus  hemipterus. 

* Tenebrio  molitor  Linn. 

Trogosita  mauritanica. 
* Triholium  ferrugineutn. 

Necrobia  rufipes. 
* „         ronfusum. 

Necrobia  ruficollis. 
* Calandra  oryza. 

Necrobia  violacea. * 

„        granaria. Gibbium  scotias. Arcpcervn  faaciculatm. 

Among  Lepidoptera  some  of  the  genus  Ephestia  are  constantly  car- 
ried and  are  now  almost  universal ;  so  also  are  such  forms  as  Tinea 

pellionella,  Setomorpha  rutella,  and  other  clothes  moths.  Of  the  flies, 
we  know  of  few  ;  Eristalis  tenax  is  widespread  and  the  common  house- 
flies  such  as  Musca  domestica  are  world  wide,  as  are  some  of  the  fleas  ; 
the  cheese  maggot,  Piophila  casei  is  also  carried  in  its  food  and 
establishes  itself  successfully. 

Finally  the  malodorous  bug  Cimex  lectularius  is  sufiiciently  familiar. 
The  above  are  all  household  or  grain  pests  and  would  naturally  be 
readily  spread.  Amongst  animal  pests  it  is  sufficient  to  mention  the  fly 
Stomoxys  calcitrans  established  throughout  India,  as  well  as  the  three 
bot  flies  of  the  horse,  cow  and  sheep,  (ticks  also  are  carried).  When 
we  turn  to  plant  parasites,  there  are  fewer  true  cosmopolites  since  the 
vegetation  varies  so  much,  and  since  climatic  conditions  affect  the 

insects  more.  (See  Agric.  Joum.,  India,  III,  No.  3.  "Introduced 
Insect  Pests." )  Many  scale  insects  are  extremely  widespread  and  nume- 

rous species  are  known  to  have  been  carried,  some  reaching  India.  In 
fact,  the  introduction  of  living  plants  is  practically  certain  to  mean  the 
introduction  of  scale  insects  if  precautions  are  not  taken.  We  can 
enumerate  25  species  probably  introduced  to  or  from  India,  and 
we  have  seen  more  than  one  on  consignment  of  plants  from  abroad. 
How  our  Aphids  reached  India  is  not  clear  but  our  worst  are  all  cosmo- 

polites and  have  probably  come  on  plants.  Of  other  insects,  it  is  ex- 
tremely hard  to  speak;  a  few  are  cosmopolitan,  such  as  ChJoridea 

obsoleta,  Danais  plexippus,  Vanessa  cardui,  Hellula  undalis,  NomophiUt 
noctuella,  Plwtella  maculipennis,  but  there  is  no  evidence  that  they  are 
spread  by  man  and  this  cosmopolitanism  possibly  antedates  man. 
PkthorimcBa  operculella  is  a  widespread  insect  introduced  to  India 
probably  in  recent  years  and  is  the  sole  instance  of  its  class  we  know  of. 

We  have  barely  touched  the  fringe  of  this  subject  as  alone  is  possible 
in  this  place.  Enough  has  been  said  to  show  that  insects  are  carried  by 
man  and  though  India  has  n6t  suffered  from  this  cause,  as  for  instance, 
America  and  the  West  Indies  have,  yet  when  more  is  known  it  may  be 

found  that  India  has  got  nearly  as  much  as  she  has  given, 
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Mantidjb. — Preying  Mantisea. 

The  forekgs  raptorial,  long,  the  femora  and  tibvcB  spiny. 
The  head  deflexed.    The  prothorax  elongate. 

A  moderately  large  family,  recognizable  by  the  raptorial  forelegs, 
in  which  the  tibia  works  in  opposition  to  the  femur  like  the  blades  of  a 

Kig.   12— HlEBOBUIiA  COAKCTATA. 
And  Uift  eerctu. 

scissors,  and  both  are  wholly  or  partially  spined.  Where  this  character  is 
insufficient  to  separate  from  Phasmidm,  the  length  of  the  prothorax  is 
sufficient,  this  being  short  in  the  latter  family.  Mantises  are  commonly 
of  laige  size  and  include  no  insects  of  less  length  than  half  an  inch  while 
some  attain  to  four  and  even  six  inches.  In  appearance,  these  insects 

are  extremely  striking,  including  some  of  the  most  picturesque  and 
bizarre  forms  of  insect  life.  The  form  and  colour  is  cryptic,  designed  to 
produce  a  resemblance  to  natural  objects  in  their  surroundings  which  is 

extremely  marked.  Many  are  stick-like,  elongate,  coloured  in  tones  of 
brown  and  black  as  is  a  dry  twig  ;  in  these,  the  attitude  assists  the 

deception,  the  creature  poising  itself  on  its  posterior  legs  and  swaying 
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to  be  eaten.  The  tibia  is  sometimeB  as  long  as  the  femur,  sometimes 
very  short  and  only  closing  on  the  apex  of  the  femur,  this  portion  of  the 

femur  alone  being  spined,  the  remainder  smooth.  Wood-Mason  des- 
cribes femoral  brushes  used  to  keep  the  eyes  and  ocelli  clean  and  found, 

he  says,  in  the  nymphs  just  hatched  and  in  all  later  stages  (Proc.  Asiat. 
Soc.  Bengal,  1876,  p.  123).  The  posterior  legs  are  long  and  enable  the 
insect  to  run  actively,  as  well  as  to  balance  itself  ready  to  turn  or  to  dart 
forward.  There  are  few  more  striking  insects  than  a  mantis  in  its 
natural  habitat  on  a  plant  waiting  for  food  ;  balanced  on  the  two  pairs  of 
legs,  it  looks  from  side  to  side,  turning  the  head  with  quick  motions  and 
seeming  to  look  intently  from  the  large  eyes  ;  the  antennae  are  active, 
moving  constantly,  the  forelegs  drawn  up  under  the  head  but  ready  to 
dart  out ;  the  creature  is  so  intent,  the  attitude  so  expectant  and  yet 
suggestive  of  cunning ;  in  an  instant  it  stiffens,  becomes  rigid,  every 
part  still,  the  long  forelegs  extended;  should  its  prey  alight  near,  it 
moves  stealthily,  stalking  it  as  a  cat  does  a  bird,  gradually  drawing  near 

Vig.  13— MABTID  XOG-MA88  AND  NIWLT  BMBRGBDi  NTUPB, 
THB  I.ATTBB  UVCH  KKLABOBD. 
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lightly  from  side  to  Bide  as  if  moved  by  the  breeze.  Others  that  live  in 

grass  are  slender  and  grass  coloured,  either  "dry  grass  colour,"  green  or 
green  with  the  antennae  and  cerci  coloured  like  the  dry  tips  of  withered 
grass.  Others  are  leaf  green,  living  among  the  leaves  of  bushes  or  are 

the  colour  of  bark  and  are  found  on  tree  trunks.  The  most  striking 
instance  is  the  Orchid  m&ntiB,  Qongylusgongyloide«, -which  is  a  floral  simu- 

lator, the  body  and  wings  so  formed  as  to  suggest  a  flower  when  a  par- 
ticular attitude  is  assumed.  In  this  attitude,  the  lower  surface  suggests 

a  blue  flower,  and  insects  coming  to  it  are  destroyed  by  the  forelegs. 
Williams  (Trans.  Ent.  Soc.  Lond.,  1904,  p.  125)  states  that  the  upper 
surface  can  be  so  arranged  as  to  simulate  an  orchid  flower,  this  being 
primarily  as  a  means  of  defence  (cryptic),  the  blue  flower  resemblance 
alone  being  used  to  obtain  food.  In  general  the  cryptic  form  and 
colour  serves  the  double  object  of  protecting  the  insect  from  foes  and 
allowing  it  to  be  invisible  to  other  insects  which  it  captures  when  they 
come  within  reach. 

The  antennae  are  filiform,  in  some  short  and  inconspicuous,  in 
others  long.  The  head  is  elongate,  sometimes  produced  at  the  apex,  the 
compound  eyes  are  large,  the  head  very  mobile  and  the  insect  has  a 
curious  habit  of  turning  the  head  to  look  intelligently  even  at  a 
human  being  as  if  it  really  saw  it.  The  mouthparts  are  similar  to 
those  of  the  rest  of  the  order,  short  biting  mouthparts,  the  mandibles 

not  elongate  as  in  other  predaceous  insects,  since  the  prey  is  captured 
by  the  forelegs  and  the  jaws  are  solely  for  mastication.  The  prothorax 

is  long,  sometimes  nearly  half  the  length  of  the  body,  and  this  is  ap- 
parently an  adaptation  to  secure  great  mobility  for  the  forelegs  and 

head.  The  forewings  are  of  moderate  size,  thickened,  coloured  and 

covering  the  large  folded  hindwings,  which  are  hyaline  and  often 
coloured.  Wingless  species  occur  but  rarely,  one  or  both  sexes  being 

without  either  tegmina  or  wings.  Wood-Mason  describes  stridulatory 
structures  in  certain  McmtidcB,  but  there  appears  to  be  no  direct  evidence 

that  sounds  are  actually  produced  (Trans.  Ent.  Soc.  London,  1878, 

p.  263).  The  abdomen  is  often  expanded  in  a  leaf-like  manner  and  is 

carried  in  striking  attitudes  to  aid  the  cryptic  resemblance.  The  abdo- 

men terminates  in  a  pair  of  short  cerci.  The  forelegs  are  beautifully 

formed,  the  tibia  closing  on  to  the  femur ;  as  both  are  set  with  spines,  an 

insect  caught  in  them  is  firmly  held  and  can  be  brought  up  to  the  mouth 

TO  5 
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till  its  forelegs  strike  and  the  insect  is  held  securely,  drawn  up  to  the 
mouth  and  devoured. 

wm^ 

Fig.  14— Dbiphobb  ocellata. 

The  female  deposits 

her  eggs  in  a  charac- 
teristic large  egg  case, 

(fig.  13)  fixed  to  a 
plant.  The  egg  case 
is  made  of  gummy 

matter  secreted  by  the 

female,  which  comes 
out  as  a  frothy  mass, 
and  sets  hard  in  a  short 

time ;  taking  a  firm 
position  on  the  plant, 
with  head  down  and 

the  tip  of  the  abdomen 
touching  the  plant, 
she  extrudes  a  mass  of 

frothy  gum  and  with 
the  end  of  the  abdomen 
works  it  into  the  shape 

characteristic ;  as  soon 
as  the  base  is  formed 

and  some  amount  of 

gum  used,  eggs  are 

deposited  in  the  midst 
of  the  gum.  The 
emission  of  eggs  and 

gum  continues,  the 
eggs  in  the  middle,  the 

gum  round,  until  the 
whole  egg  mass  is  built 

up,  layer  by  layer, 
when  she  finishes  it 

off  with  gum  and  the 
whole  hardens  to  a 

watertight  obj  ect  firm- 
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Ij  secured  to  the  plant.    The  eggs  are  in  regular  rows  inside  the  egg  case 
and   the    whole    mass  will  last  through  the  winter  on  the  plant. 

The  young  mantids  emerge  from  the  egg  almost  simultaneously  and  are 
small  active  insects  often  dark  coloured  and  with  a  general  resemblance 

to  an  ant  (%.  13).    Shelford  records  the  mimicry  of   the  nymph    of 
Hymenopus  bicomtis  for  the  nymph  of  a  Reduviid  bug,  Eulyes  amoena 

(Proc.  Zool.  Soc.  London,  1902,  p.  230).    They  are  active  and  lead  an 
active  life  until  they  are  full  grown.    In  general  their  habits  are  not 

those  of  the  parents,  the  young  seeking  small  insects  on  plants  or  on  the 

soil,  and  only  adopting  the  peculiar  habits  of  their  parents  as  they  pro- 
gress towards  maturity.    The  form  and  attitude  of  the  young  is  fre- 

quently very  striking,  though  different  to  that  of  the  adult,  and  there  is 
a  la^e  field  for  investigation  into  the  habits  and  resemblances  of  these 
nymphs.    All  are  predaceous  at  all  times  of  their  life ;  the  food  of  the 

full  grown  insect  is  large  living  insects,  which  are  caught  when  they  come 
within  reach  of  the  waiting  mantis.    None  are  vegetarian,  none  are 

injurious,  but  the  group  comes  into  the  class  we  may  denominate  as 

'  'General  Predators, ' '  feeding  on  such  insects  as  come  to  them  and  not  being 
speciaUy  adapted  to  special  insects.    The  length  of  the  life  history  is  not 

known.    Hibernation  appears  to  take  place  chiefly  in  the  egg  stage ; 

eggmaeses  are  laid  in  early  November  in  the  plains,  and  hatch  in  early 

March.    This  is  not  the  only  time  that  eggs  are  laid,  as  they  may  be 

found  during  the  rains.    Wood-Mason  found  eggs  laid  by  Mantis  sp. 
tohatchin  18days(July  17th  to  August  4th),  while  those  of  Schitocephah 

btoomis  took  30  days  (July  17th  to  August  16th).    Nymphs  and  adults 

of  bark-infesting  species  have  been  found  in  winter  under  the  bark  of 
trees,  and  this  appears  to  be  the  normal  hibernation  of  such  as  can  find 

shelter.    Throughout  the  remaining  months  these  insects  are  active  and 

there  appear  to  be  no  special  periods  when  they  breed  or  multiply 
extensively.    They  are  distributed  throughout  India,  more  abundantly 

in  the  jungle  but  still  commonly  in  the  cultivated  plains.    They  are 
essentially  tropical  insects,  and  are^jare  or  non-existent  in  temperate 
climates.    The  eggmassee  are  the   habitat  of  parasitic  ChahidcB,  the 
females  of  which  have  long  ovipositors  with  which  they  pierce  the 
eggmass  and  reach  the  eggs  within.    Apparently  a  large  proportion 
of  the  eggmasses  are  parasitised.    Other  enemies  are  not   known. 
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Mantida  are  far  less  numerous  than  some  other  groups  of   Orthoptera 
and   fewer  species  occur. 

Wood-Mason  catalogued  theMaw/»dc5  and  more  recently  Mr.  Kirby's 
catalogue  has  been  issued  by  the  British  Museum  (Cat.  of  Orth.,  pt.  I). 
In  this  82  species  are  listed  as  Indian  divided  as  follows  :— 

Amorphoscelinee  1,  Hemiaphilinse  7,  Chaeradodinse  1,  Mantina; 
43,  Miopteryginffi  0,  Creobotinas  17,  Vatinse  10,  Empusiinte  3. 

The  majority  of  Indian  Mantidse  belong  to  genera  widespread  over 
the  Indo-Malayan  region.  Five  genera  are  purely  Indian,  accepting 
India  in  the  broad  sense,  these  being  iSpAewrfafc,  Phylbthelys,  Helerochae- 
tula,  Aethalodiroa  and  Gonyylus.  Empum  is  widespread,  having  but  one 
Indian  species,  but  occurring  also  in  Africa,  South  Europe  and  Western Asia. 

Oreoboter  urbana,  Fabr.  is  a  common  small  green  form,  each  tegmen 
with  a  yellow  black -ringed  eye-spot ;  it  is  an  active  species  found  upon 
bushes.  Hierodula  Westwoodi,  Sss.  and  H.  coarctata,  Westw.  (fig.  12) 
are  the  robuster  green  insect  seen  upon  bushes  and  in  crops,  which  are 

the  most  familiar  '  'Mantis' '  in  India.  The  former  has  been  seen  eating 
SctiteUera  nobiUs.  Eremoplana  microptera,  Wlk.  is  a  long  slender  species 
of  a  dull  brown  colour  with  a  narrow  green  costal  stripe,  found  upon  low 
bushes  in  the  plains.  It  comes  freely  to  light.  Humbertiella  indica, 
Sss.  is  a  smaller  dull  grey  species  found  upon  the  bark  of  trees,  where 
its  colouring  renders  it  very  inconspicuous.  Schkocephalus  bicomis,  L. 

is  one  of  the  most  delightful  of  the  insects  one  can  find  commonly  in  the 
plains.  It  is  a  very  long,  attenuated  insect,  with  long  slender  legs,  and 
with  short  wings  folding  tightly  round  the  body.  Its  colouring  is  green 
and  the  antennae  and  anal  cerci  are  both  the  colour  of  a  dry  grass  blade. 
Sitting  among  the  grass,  the  insect  is  indistinguishable  from  the  grass 

blades  round  it ;  its  antennee  or  anal  cerci  give  the  idea  of  grass  just  dry- 
ing at  the  tip  and  one  may  search  for  these  insects  and  not  find  one  when 

they  are  abundant  under  one's  eyes  at  the  time.  They  are  slow  in  move- 
ment and  the  femur  is  armed  only  at  the  tip,  the  tibia  very  short. 

Two  species  of  Gongylus  occur  in  India,  of  which  we  figure  one. 

0.  gongyloides,  Linn.  (fig.  15)  is  a  notorious  insect  of  which  much  has 
been    written.     G.    trachelophyUiu,  Burm.    is  the  commoner   Indian 
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insect,  a  graceful  creature  coloured  in  tints  of  yellow  and  brown  and 
commonly  found  in  jungles  and  woods. 

Fig.  16— GONGYLUS  tiONOVIX)IPB8. 

Collecting. — The  great  number  of  mantids  are  found  upon  bushes, 
in  grass,  on  the  bark  of  trees.  They  are  most  abundant  upon  bushes, 
rare  upon  small  crops.  A  number  will  be  found  in  the  bag  when  it  is 
used  to  sweep  insects  on  grass.  These  insects  should  never  be  included 

with  others  in  a  box  or  bottle  while  alive,  but  should  be  confined  sepa- 
rately  or  at  once  killed.  They  are  best  pinned  through  the  right  wing  case 

or  prothorax,  the  left  wings  being  set.  Bearing  is  exceedingly  difficult 
in  most  cases,  though  the  eggs  hatch  readily,  as  the  special  food  of  the 

young  cannot  be  ascertained  or  easily  procured.  What  is  now  specially 

required  is  careful  observation  of  the  food  of  these  insects  ;  we  are  not 
aware  of  any  definite  observations  on  the  food  of  individual  Indian 

species  and  no  proper  estimate  of  their  economic  value  can  be  made 
until  we  have  such  facta. 



FHASMIDA. 71 

Phasmidje. — Stick  and  leaf  insects. 

The  prothorax  small,  mesothorax  large.     Tegmina  smaU  or  absent ; 
mngs  often  abserU.    Cerci  of  one  joint  only. 

Fig.   l»— NKC'KOSCIA   PHOUUOTUS,    WWTW  ,  MAI.IC, 
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A  smaller  group  of  insects,  distmct  from  Mwntida  by  the  small 

piothoraz  and  by  the  forelegs  which  are  not  formed  for  the  capture  of 

prey ;  they  are  distinct  from  the  jumping  Orthoptera  by  the  hind  legs, 
which  are  not  formed  for  leaping.  None  of  these  insects  are  small 
whilst  some  are  of  great  length,  four  to  six  inches  being  the  usual  size  for 
the  full  grown  ones.  They  present  a  great  variety  of  form  and  colour, 
some  being  stick-like,  others  leaf-like  or  resembling  a  blade  of  grass, 
while  others  closely  resemble  other  natural  objects.  The  colour  schemes 
bear  out  this  cryptic  form  and  their  whole  appearance  is  designed  to 
give  them  so  close  a  resemblance  to  their  habitat  that  they  will  escape 
the  observation  of  their  foes. 

The  antennae  are  commonly  many  jointed  and  long.  The  head  is 
small,  and  not  deflexed.  The  mesothorax  is  long,  as  is  usually  the  meta- 
thorax  in  the  elongated  species.  The  legs  are  long,  formed  for  walking 
and  without  special  structures.  The  tegmina  are  small  or  wholly  absent, 
even  in  forms  which  have  large  hindwings.  In  many  species  the  wings 
are  wholly  absent  either  in  both  sexes,  or  in  the  female  only.  The  male 
hasclaspersat  the  end  of  the  abdomen,  the  female  a  ventral  process  which 

directs  the  eggs  as  they  are 
extruded.  The  differences  be- 

tween the  sexes  are  often  very 
great,  the  male  small,  active 
and  winged;  the  female  large, 
clumsy  and  unwinged. 

The  eggs  are  laid  singly, 
dropped  like  seeds  upon  the 
ground.  They  are  often  of 
peculiar  form,  with  very  thick 
covering,  and  closely  resembl- 

ing hard  seeds.  Little  is  known 
of  the  life  history  of  Indian 
species.  The  young  are  similar 
to  the  adult  and  are  stated  to 
develop  slowly.   There  is  a  line 

   of  weakness  (suture)  between 
Fig.  it-Pbtuium  soyiHE,  NTMFH.       thc    trochanter    and   femur, 
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which  enables  the  insect  to  throw  off  a  leg  with  ease,  this  leg  being  later 
formed  anew.  It  has  been  observed  that  not  only  is  this  useful  as  a  pro- 

tection from  enemies  but  also  in  moulting,  as  few  Phasmids  can  moult 
successfully  without  remaining  attached  to  the  cast  skin  by  a  leg,  and 
this  adaptation  enables  the  moult  to  be  completed,  though  with  the  loss 
of  a  limb.  (Bordage.)  The  food  is  apparently  wholly  vegetable 
and  no  cases  are  recorded  of  these  insects  being  carnivorous ;  they  eat 
the  leaves  of  plants  and  some  possibly  feed  upon  lichens.  None  arc 
injurious  in  India  and  their  habitat  is  practically  confined  to  the  forest 
and  jungle  areas  of  the  warmer  parts  of  India.    Not  much  is  known  of 

Fig.  18— Phyluum  sctthb. 
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Indian  species  and  none  are  likely  to  be  found  in  the  cultivated  areas. 
Westwood  figures  a  number  of  Indian  species  (Cab.  Or.  Entom.,  1847). 
Brunner  listed  19  from  Burma,  and  Bolivar  26  from  South  India.  Kir- 

by's  Catalogue  enumerates  65  Indian  species. 

Pulchriphyllium  (Phyllium)  scythe  Gr.  (figs.  17,  18)  is  a  large  leaf- 

likeinsect,  whose  life  history  is  described  by  Murray  and  quoted  in  Sharp's 
Insects.    It  occurs  in  forest  areas  in  Assam. 

AcBiDiiD^. — Short-horned  Graishoppers. 

The  atUennw  short ;  tlte  auditory  organ  on  the  first  abdominal  segment  ; 
the  ovipositor  composed  of  short  valves  formed   for  digging ;  tarsi 

three-jointed.    Hind  legs  long,  and  saltatorial. 

Fi^.  19— AcaiDiuH  melakocornr. 

A  family  which  can  scarcely  ever  be  confused  in  the  field ;  the  short 

antennae  and  leaping  hind  legs  mark  a  true  grasshopper  at  once.  The 
size  varies  from  a  length  of  a  quarter  and  a  wing  span  of  nearly  half  an 

inch  to  a  length  of  over  two  inches  and  a  wing  span  of  three  to  four. 

The  majority  are  less  than  one  inch  long,  the  smallest  among  the  Tetri- 
gin«,  the  largest  among  the  Acridiinse.  Size  is  usually  sufficiently 
constant  to  be  valuable  as  an  indication  of  species.  With  few  exceptions 

the  colour  is  cryptic  ;  the  colour  schemes  harmonize  so  closely  with  the 
natural  surroundings  that  the  insects  are  difficult  to  see.  Since  the  life 

is  a  long  one  and  the  surroundings  vary  with  the  change  of  season,  it  is 
common  to  find  that,  while  the  nymph  is  also  cryptically  coloured,  the 

colour  may  not  be  the  same  as  that  of  the  imago.  There  may  be  two  or 
more  actual  colour  schemes  in  the  whole  life,  both  cryptic  and  adapted 
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to  changes  of  season.  Young  grasshoppers  hatching  in  the  rains  are 
frequently  green  to  harmonize  with  the  growing  vegetation ;  this  often 

gives  place  to  "dry  grass  colour"  in  the  adult  which  is  found  in  October. 
Others  which  live  on  dry  soil,  on  rooks,  on  moors,  on  sand  dunes  are 
coloured  in  shades  of  grey  and  brown  with  lighter  markings  and  spots ; 
in  nearly  all  the  colours  are  dull,  and  though  varied,  evidently  cryptic. 
In  the  true  locusts  further  and  more  striking  colour  changes  take  place 

one  of  which  is  the  "swarming  colour,"  a  vivid  red,  that  probably  facili- 
tates migration  by  rendering  the  swarm  visible  at  a  distance  and  enabl- 

ing all  to  i  oin  it.  A  very  few  are  vividly  coloured  and  undoubtedly  exhibit 
warning  colouring;  thisis  correlated  with  the  habit  of  living  exposed 
on  the  plant  and  the   young  are  also  warningly  coloured,  though  not 

always  in  the  same 
tints  as  the  adult. 

In  a  large  number  of 

cryptically  coloured 
forms,  we  find  that  the 

lower  wings  are  bright- 

ly coloured  ;  in  flight 

this  colour  is  very  con- 

spicuous and  it  is  not 
difficult  to  follow  the 

j  erky  zigzag  flight  with 

the  eye;  but  as  the 

wings  close  on  the 

insect  settling,  all  trace 
of  the  colour  is  lost, 

the  tints  of  the  upper 

wings  and  body  blend 
with  the  siurroundings, 

the  insect  sits  still  and 

vanishes  before  one's 
eyes.  There  is  no 
doubt  that  the  bright 

FS«.  20-TvLOTEOPinin8  didvmcs.  colours  of   the  lower 

wings,  which    sometimes   extend  to  the  sides  of   the   abdomen,   are 

•'deceptive"  and  materially  assist  in  the  escape  of  the  grasshopper 
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from  birds  or  other  enemies.  Although  the  general  form  of  the  body 

is  usually  uniform  throughout  the  family,  a  few  are  modified  in  con- 
nection with  their  habits.  Thus  the  surface  grasshoppers  {Chrotogonua) 

which  live  on  the  soil  are  very  much  flattened,  the  prothorax  and 

tegmina  roughened.  Some  of  the  species  that  live  among  long  grass 

are  elongated,  the  body  cylindrical,  admirably  adapted  to  cling  to  and 
resemble  the  long  grass  stems. 

As  in  other  Orthoptera,  the  chitinous  integument  preserves  the 

primitive  form  of  the  lower  insects,  the  segments  being  easily  distin- 
guishable, the  plates  little  differentiated.  The  head  is  of  moderate  size, 

distinct  from  the  thorax,  with  large  confound  eyes  and  three  ocelli. 

The  antennae  are  filiform,  with  less  than  thirty  joints,  flattened  in  some 

species.  The  mouthparts  are  of  the  herbivorous  type,  the  upper  lip  (la- 
brum)  well  developed,  the  mandibles  large  with  cutting  teeth,  the  maxillsp 
and  labium  distinct,  fitted  for  mastication  and  bearing  sensory  palpi.  The 

hypopharynx  is  well  developed  as  a  blunt  tongue-like  organ  on  the  floor 
of  the  mouth.  The  prothorax  is  large,  its  form  and  markings  useful  in 

the  discrimination  of  genera.  In  one  sub-family  (TetrigincB)  the  pro- 
notum  is  produced  backwards  as  a  long  process  between  and  over  the 

wings    (fig.  21).    In  some  sub-families  there  is  a  tubercle  or  tooth-like 

Fii;.  31— SCBUHENA  LOOANI. 

(A/Ur  Baneock.) 

projection  on  the  prostemum  between  the  base  of  the  forelegs.  The 

meso-  and  meta- thorax  are  distinct,  covered  by  the  tegmina,  which  are 
long  and  narrow,  opaque  and  variously  coloured  or  ornamented.  In 

manyspeciestheyproject beyond theabdomen,  in  others  they  are  shorter. 

In  the  TetrigincB  they  are  reduced  to  tiny  lobes  and  the  wings  are 
covered  by  the  prolongation  of  the  pronotum  (fig.  21).    In  some  species 
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wings  are  short  or  reduced,  the  tegmina  reduced  to  lobes  or  only 
partially  developed.  In  the  majority  the  wings  are  large,  hyaline  and 

many-veined,  folding  under  the  tegmina  ;  they  are  frequently  coloured 
at  the  base  with  red,  yellow  or  black.  The  tegmina  and  wings  in  flight 

function  as  one.  The  abdomen  is  long,  the  segments  distinct ;  it  con- 

tracts and  expands  telescopically  to  a  great  extent  in  the  female,  in  copu- 
lation being  excessively  retracted,  in  oviposition  extremely  elongated. 

The  external  genital  organs  are  well  marked ;  the  principal  features  of 
the  female  are  the  upper  and  lower  chitinous  valves,  which  are  used  for 

digging,  the  anus  being  above,  the  genital  aperture  below.  In  the 

male,  the  genital  aperture  is  on  the  upper  surface  of  the  usually  conspi- 
cuous ventral  shield,  which  often  ends  in  a  point.  There  is  a  small  pair 

of  cercion  the  apex  of  the  abdomen  at  each  side  of  the  anus.  Males  and 

females  are  frequently  of  different  sizes  and  also  of  different  colours. 

The  anterior  legs  are  short,  fitted  for  slow  walking  and  clinging ;  the  hind 

legs  are  conspicuous  by  the  great  development  of  the  femur  and  tibia ; 

the  tibia  bends  back  on  to  the  femur,  the  apex  of  the  former  reaching 
the  base  of  the  latter  and  from  this  attitude  the  tibia  kicks  back,  giving 
the  impetus  of  the  leaping  motion.  The  tibia  is  outwardly  set  with  thick 

spines.  The  femur  may  be  specially  modified  to  produce  vibration 
when  rubbed  against  the  tegmen.  The  inner  face  of  the  femur  bears  a 
row  of  knobs ;  the  femur  is  rubbed  up  and  down  against  a  projecting 

vein  of  the  tegmen,  causing  the  latter  to  vibrate.  Under  the  tegmen,  on 
the  side  of  the  basal  abdominal  segment,  may  be  seen  the  auditory 

organ,  visible  as  a  round  depression  in  the  integument,  and  containing 

the  tightly  stretched  tympanal  membrane.  Spiracles  are  situated  on 
the  thorax  and  on  the  membrane  connecting  the  notum  and  sternum  of 

the  first  eight  abdominal  segments.  The  tracheal  system  is  character- 

ised by  having  bladder-like  dilatations  of  some  of  the  vessels,  which  are 

inflated  previous  to  flight  and  while  increasing  the  bulk  of  the  insect, 

diminish  its  specific  gravity  and  facilitate  flight. 

The  life  history  of  the  known  Indian  grasshoppers  is  uniform  in  the 

main  outlines  but  only  a  small  proportion  have  been  worked  out.  Eggs 

are,  bo  far  as  known,  universally  deposited  in  the  soil  in  a  compact 

cluster,  with  gummy  matter  which  hardens  and  compacts  the  mass 
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(fig.  22).    The  number  varies  with  the  species,  and  all  are  not  necessarily 
laid  in  one  mass.    About  sixty  eggs  are  laid  by   Hieroglyphus  about 

100-120  by  Acridium.    The  eggs  remain 

'  >  in  the  soil  for  a  considerable  period,  and 

*    loosen  slightly  owing  to  their  expansion 
before    hatching.     The    young    hoppers 

>     have  the  general  form  of  the  adult,  the 
antennae  with  fewer  joints,  the  wings  and 

internal    genital    system    absent.      The 
number  of  moults  is  generally  from  five 

to  seven,  the  wings  appearing  as  lobes  at 
the  third  or  fourth  moult.    The  nymphs 

are  active  from  the  first ;  the  colouring, 
Fiir.  22— Chrotooonus  trachy-  ,  ̂    ,       i.  i  j     • 
PTKBUR,  BOOS  IS  SOIL.  xl.         as  statcd    above,    may    change    durmg 

nymphal  life  or  may  change  slowly  until  with  the  penultimate  moult 

the  colour  approximates  to  that  of  the  imago.    The  duration  of  the 

nymphal  stage  varies  with  individual  species  but  is  usually  long. 

It  is  at  present  impossible  to  generalise  as  to  the  duration  of  each 

stage  of  the  life  of  these  insects.  Apparently  most  have  definite  seasons 

for  reproduction,  governed  by  climatic  conditions  and  which  are  rigor- 
ously adhered  to.  Thus  some  have  but  one  brood  in  a  year,  the  three 

stages  occupying  the  whole  twelve  months ;  the  Bombay  Locust  lays 

eggs  in  June,  which  hatch  in  July  (after  six  weeks),  the  nymphal  devel- 
opment is  completed  in  late  September  and  the  imago  lives  until  the 

following  June  :  the  Bice  Grasshopper  on  the  other  hand  remains  in  the 

egg  stage  from  October  to  June  and  the  nymphal  and  imaginal  life  occu- 
py about  four  and  a  half  months.  There  are  probably  many  grasshop- 

pers having  only  one  brood  yearly.  Others  have  two,  as  does  the 
Migratory  Locust,  the  imaginal  life  being  longest,  but  the  two  broods  of 

about  equal  length.  Others  appear  to  have  two  broods  during  the  rains, 
but  the  eggs  laid  by  the  second  brood  in  November  remain  dormant  until 

the  following  rains  ;  in  this  case  the  two  broods  are  of  unequal  length. 
A  number  probably  will  be  found  to  agree  with  these,  having  two  or  more 
broods  from  June  to  November,  or  from  March  to  November,  but  always 
one  hibernation  brood  which  passes  the  cold  weather,  and  generally  the 
hot  dry  weather  in  the  egg  stage.    A  number  have  several  broods  a  year 



PLATE  TV.-  Thk  Mioratort  Locust. 

ACRIDIDM    (SCHISTOCERCA.)    PbRKORINUM. 

Fig.  15.     Migratory  Locust  Hopper,  in  first  stage,  magnified  five  timPh. 

„      16.      Migratory  Locust   Hopper,    in  second   stage,    magnified  four 
times. 

,,      17       Migratory   Locust   Hopper,    in   tliiid   stage,   magnified   tliico 
times. 

18.      Migratory   Locust    Hopper,    in    fourtli    stage,    magnified    2^ 
timo-s 

(Reprinted  from  Th«  AqricnUnral  Journal  nt  India.) 
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but  apparently  have  no  regular  seasons.  They  breed  throughout  the 

year  except  in  the  very  cold  weather  and  probably  not  when  food  is 
scarce.  The  Black  Spotted  Grasshopper  [Cyrtacanthacria  ranacea  stoll) 
is  an  example,  as  are  the  species  of  Chrotogonus  and  Atractomorpha 
crenulata.  Hibernation  and  astivation  appear  to  be  passed  almost 

wholly  in  the  egg  in  the  plains,  only  a  small  proportion  as  imagines ; 
this  varies  however  with  different  degrees  of  cold  and  dryness  in  different 

localities.  A  few  hibernate  as  imagines  or  nymphs  in  the  colder  parts  of 

the  plains.  Apparently  there  is  a  great  variety  in  this  respect  and  a  far 

larger  number  of  species  require  to  be  worked  out  before  one  can  gene- 
ralise on  this  point.  So  far  as  known  no  Acridiid  is  anything  but  herbi- 

vorous, feeding  on  green  plants  ;  some  have  a  single  food  plant,  others 
several  and  many  appear  to  be  to  some  extent  omnivorous.  Grasses  and 

gramineous  crops  are  the  principal  food  plants  but  flowering  plants, 

shrubs  and  bushes  are  not  exempt.  Locusts  have  a  very  wide  range  of 

food  plants. 

NjTnphs  and  adults  live  free  lives,  and  are  found  wherever  there  is 

vegetation.  The  greater  nimiber  are  to  be  found  in  grasslands,  in  open 
waste  lands,  among  low  herbage.  Others  live  among  shrubs,  a  few 

on  trees.  Open  moors,  sand  dunes,  fallow  land  also  contain  other 

species  and  they  range  from  the  plains  to  considerable  altitudes  in  the 

hills,  with  their  maximum  development  in  the  grasslands  of  the  plains. 

This  is  one  of  the  few  families  in  which  the  number  of  purely  "  plains 

species  "  is  as  great  as  the  number  found  in  submontane  forest  and 

jungle  areas. 

This  family,  being  wholly  herbivorous  and  very  abundant,  is  one 

of  the  most  injurious  to  Agriculture.  Besides  the  two  locusts,  there  are 

grasshoppers  which  attack  special  crops  and  the  many  species,  which 

when  abundant,  attack  gramineous  crops.  Few  of  these  are  specific 

pests  of  particular  crops,  they  occur  spasmodically  and  irregularly  and, 

since  grasshoppers  are  of  universal  occurrence,  nothing  is  done  to  check 

them  until  they  are  already  abundantly  destructive.  A  distinct  class 

of  pest  are  the  Surface  Grasshoppers,  species  belonging  to  the  genera 

Chrotogonus,  Epacromia,  Atradomorpha,  which  live  on  the  soil  and 

attack  young  crops.  Little  is  known  of  which  species  of  grasshopper 

are  destructive  since  the  actually  destructive  species  is  not  always  the 
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one  sent  in  as  destructive  and  there  is  here  a  large  field  for  research. 

The  student  may  be  cautioned  against  accepting  the  reports  of  injury 

by  Acridiids  in  Indian  Museum  Notes;  often  an  entirely  harmless 

species  is  sent  in,  being  the  first  one  to  come  to  hand.  Not  more  than 
two  locusts  and  six  grasshoppers  are  actually  and  positively  known  to 
be  injurious  in  India. 

Whilst  there  is  some  information  available  as  to  the  enemies  of  the 

two  locusts,  little  is  known  of  the  checks  on  the  increase  of  the  family 

as  a  whole.  The  eggs  of  the  locusts  are  attacked  by  Hymenopterous  para- 
sites, the  young  by  ground  beetles  (Carabidoe),  the  adults  by  parasitic 

insects  and  the  young  of  a  mite  (Tromhidium  grandissimum,  Koch.).  An 
Oligochset  worm  (Henleya  Lefroyi,  Bedd.)  has  been  found  destroying 

the  eggs  of  one  locust  and  probably  attacks  those  of  other  Acridiids. 
Birds,  monkeys  and  squirrels  feed  on  locusts  and  the  larger  grasshoppers  ; 

mynas,  hoopooes  and  other  birds  eat  hoppers  and  fossorial  wasps  store 
their  nests  with  small  hoppers.  Certain  fly  and  beetle  grubs  attack  the 

eggs,  but  while  these  are  probably  insects  of  the  families  BombyliidcB  and 
CantharidcB,  respectively,  the  species  concerned  are  not  known. 

The  family  is  a  very  large  one,  the  largest  of  the  Orthoptera,  but  no 
complete  list  exists.  It  is  universally  distributed  through  the  tropical 
and  temperate  zones,  with  a  large  number  of  species.  Indian  forms  are 

largely  Indo-Malayan,  or  have  a  wide  distribution  over  Southern  and 
Eastern  Asia  ;  a  few  are  European  and  African.  In  India,  the  species 
are,  so  far  as  known,  widely  spread  and  not  local,  though  Burmah 

appears  to  have  many  species  not  found  in  India.  No  catalogue  of 
Indian  species  has  been  compiled  and  the  information  is  buried  in  the 
literature  of  the  past  century.  (See  page  48.)  Bolivar  records  100 

species  from  a  small  area  of  South  India,  Brunner  records  157  from 

Burmah.  There  are  probably  500  recorded  Indian  species  and  at  least 

1,000  now  existing  in  India.  Brunner  divides  the  family  into  nine  sub- 
families, which  are  on  the  whole  well  marked.  Indian  species  fall 

mainly  into  five  of  these,  the  characters  of  which  are  as  follows : — 
TetrigmcB.  The  pronotiim  produced  backwards  over  the  abdomen, 

the  tegmina  lobelike,  no  pulvillus. 
PneumorincB  (African). 
MastacincB.  Antennae  shorter  than  the  anterior  femora.  Head 

short. 





PLA.TE  V.   MlGRATOKY    LoccsT. 

AoRiDiuM  (Schistocerca)  Peregrinum. 

Fi^.  19.      Migrator}'  LocuBt  in  swarming  colouration 

,,      30      The  s«mp  in  pg^-iftying  colouration 

(Reprinted  from  The  Afft-iciiUnial  Journa'  oj  Indta  ) 
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rella  two,  one  also  from  India.  The  student  should  consult  Hancock 

(Genera  Insectorum)  for  the  genera,  Brunner  and  Bolivar  for  most  of 

the  species. 

EumastacitUB. — ^The  species  of  this  sub-family  are  not  found  com- 

monly in  the  plains  and  are  confined  to  the  moister  forest  areas.  Bun- 
lists  23  Indian  species  (Genera  Insectorum)  including  the  aberrant 

Chorottyput  fenedratus,  Serv. 

Tryxalina. — The  genus  Tryxalis  (Acrida)  includes  a  small  number 

of  very  variably  coloured  insects,  distinguished  by  their  slender  form, 

produced  head  and  flattened  antenne.    One  species  (fig.  23)  is  common 

Fig.  -iS-TaVZAUS  TDR1UTA. 
(F.  M.  H.) 

throughout  the  plains,  formerly  known  as  Tryxalu  twrriUx,  L. ;  there  is 

confusion  in  the  present  nomenclature  and  it  is  also  referred  to  as  Amda 

tuftUa,  L.  and  as  A.  exaUata,  Wlk.  This  species  varies  in  colour  from 

green  to  "dry  grass"  colour,  some  with  bright  markings,  others  without; 
the  males  are  smaller  (36-46  m.m.)  tlian  the  females  (52-64  m.m.).  Tryx- 

dii  hgvbrit,  Bun  is  a  second  large  species  separated  by  Mr.  Burr  in 

his  revision  of  the  genus  (Trans.  Ent.  Soc.  London,  1902,  p.  149).  T. 

WevicoUii,  Bol.  and  T.  variabilis,  Elug.  are  also  Indian.  Acridella  is 

reptetented  by  A.  indica,  Bol.  and  QehMorrhinus  by  two  species  from 
Bttmuh  and  Sikkim,  lespectively. 





PLATE  VJ. — The  Black-Spottid  Grasshopprr. 

Ctrtacanthacris  uanaoea  (AcRimuM  Aeruotnospm). 

(Reprinted  from  7'A«  Agricultural  Journal  of  Indta  } 
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ProscopiincB  (American). 

Tryxalinw. — ^The  face  looking  down,  the  vertex  of  the  head  pro- 
duced forward  forming  an  angle.     Prostemum  unarmed. 

OedipodincB. — ^The  face  looking  forward,  vertex  rounded.  Pros- 
temum unarmed. 

Pyrgomorphincp. — ^Face  looking  downwards,  prostemum  with  an 
elevated  lamina. 

Pamphaginw. — (Europe,   Africa   and   E.   Asia). 

Acridiinm. — ^Face  looking  forwards,  prostemum  with  a  tooth-like 
process. 

The  classification  is  best  studied  in  the  works  of  Brunner,  de  Saus- 
«ure  and  Bolivar.  The  Tetrigince  are  recognizable  at  sight ;  the  Acri- 
diincp  and  PyrgomorphincB  are  clearly  distinct,  the  Tryxdmce  and 
OedipodincB  are  not  always  easily  distinguished  as  the  characters  are 
not  universal  in  both  sub-families. 

TetrigincB  (Tettigidea). — Small  insects,  of  a  dark-brown  colour, 
found  upon  the  soil  and  in  grasslands.  There  are  a  considerable  number 

of  species  which  are  not  easy  to  distinguish.  The  sub-family  as  a  whole 
are  sharply  marked  off  from  the  remainder  of  the  family.  Most  are 
roughened  and  warty  above,  as  are  the  Chrotogoni,  and  this  with  their 

colouring  renders  them  difficult  to  see  on  the  soil.  Some  are  leaf-like 

and  live  among  dead  leaves  ;  all  are  bizarre  in  appearance  and  superfi- 
cially resemble  Membracids.  They  are  most  abundant  on  damp  soil  and 

near  water ;  some  are  aquatic  and  have  the  hind  tarsi  more  or  less 

expanded  to  serve  for  swimming ;  at  least  one  species  in  India  is 
aquatic,  feeding  on  vegetation  at  or  below  the  surface. 

Hancock  lists  a  total  of  434  species  from  all  parts  of  the  world,  with 

,34  Indian  species.  Soelimena  (fig.  21)  is  a  semi-aquatic  genus  with 

three  Indian  species,  S.  produda,  Serv. ;  S.  harpago,  Serv.  and  S.  unci- 

nata,  Serv.  CrioteUix  has  five  Indian  species;  in  this  genus  the  inser- 
tion of  the  antennae  is  on  a  level  with  the  lower  part  of  the  eye,  in  the 

former  below  the  eye.  Aranthalobus  has  three  species.  Mazarredia  is 

an  Oriental  genus  with  four  species  in  India.  Paratettix  has  two  Indian, 

two  Burmese  species  ;  CopMettix  has  four  Burmah  species,  and  Sauami- 
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Epacromia. — A  genus  of  small  grasshoppers,  common  throughout 
India.  E.  dorsalis,  Thunb.  (fig.  24)  is  the  most  abundant  species,  found 
as  a  surface  grasshopper  destruc- 

tive to  young  crops.  It  has  the 
unusual  habit  of  coming  to  light. 
There  appear  to  be  two  broods 
yearly  during  the  rains  and 
hibernation  takes  place  in  the 

egg  stage. 

OedipodincB. — This  is  a  large 
sub-family  including  a  large 
number  of  species  difficult  to 

distinguish.  Oedaleus  (Gastro- 
margus)  marmoratus,  Thunb.  is 
universal  in  the  plains,  marked  by 
its  brilliant  orange  and  black  lower 

wing.    Sphingonotus,  Trihphidia,  FiR-  24-  BPArROMu  dorsalis.. 

Acrotylus,  Heteropternis,    Chloeo- 

bora  and  Dittoptemis  are  also  represented.  Pachytylus  (Locusta)  cine- 
rascens,  Fabr.  (danicus,  L.)  is  a  large  insect  of  a  dull  grey  colour 

sometimes  marked  with  brilliant  green  with  a  median  keel  on  the  prono- 
tum.  It  ha?  a  wide  distribution  over  Southern  Europe  «nd  Asia  and 

though  known  to  form  swarms  and  migrate  in  Europe,  has  not  been 
recorded  as  a  locust  in  India,  where  it  is  a  somewhat  uncommon  insect. 

It  has  been  found  in  numbers  in  grasslands  and  there  is  some  reason  to 

believe  that,  becoming  abundant  in  extensive  tracts  of  grasslands  in  the 

less  cultivated  districts,  it  migrates  in  swarms  aver  the  country.  Such 

swarms  are  apparently  rare  and  they  remain  in  uncultivated  areas,  but 

it  will  probably  be  definitely  ascertained  that  the  swarms  of  green  locusts 
occasionally  seen  are  of  this  species. 

PyrgomorphincB. — Aularches  milians,  Fabr.  (Phymateus  punctatus, 

F.)  is  the  brightly  coloured  grasshopper  found  in  the  lower  hiU  slopes ; 

it  is  black  or  dark  green,  with  roughened  tegmina  and  thorax,  with 

yellow  spots  on  the  tegmina,  the  abdomen  with  red  bands,  the  prothorax 

and  head  with  a  broad  continuous  yellow  band.  This  insect  when  seized 

emits  from  pores  in  the  thorax  a  liquid  that  froths  up  and  diffuses  an  un- 
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pleasant  odour.  The  habit  is  a  very  striking  one  and  is  apt  to  disconcert 

tihe  unwary  person  who  does  not  expect  it  The  warning  coloura- 

tion oi  this  insect  ia  very  striking  and  this  emission  of  evil  smelling  froth 

is  probably  a  good  protection.  A  chirping  sound  is  produced  in  this 

species  by  a  method  unusual  in  the  family ;  at  the  base  of  each  tegmen 

and  distinct  from  it  is  a  small  chitinous  plate,  the  convex  curved 

edge  of  which  meets  the  concave  curved  edge  of  the  niMian 

chitinous  plate  at  the  base  ot  the  tegmina  (the  Scutellum) ;  the  formcT 
moves  in  an  arc  so  that  th?  cviived  edge  which  is  striated  ,  rUD« 

againat  the  atriate  fixed  ed^e  of  the  Scutellum,  producing  a  vibration 

which  ia  probably  intensiVed  by  the  tegmina     The  sound  is  distinct  but 

not  toud  and  is  proftaWy  protwtoVe  as  it  is  produced  by  the  iem&h. 

This  is  the  so-called  "  Coffee  Locust "  since  it  occurs  plentifully 
on  coffee  estates  but  it  is  practically  harmless.  It  is  recorded  as 

destructive  to  coffee  in  Ceylon  and  E.  E.  Green  has  published  a  circular 

on  it  (Circ.  Roy.  Bot.  Garden,  Ceylon,  111,  18).  There  is,  in  Ceylon, 

one  brood  yearly,  eggs  being  laid  m  October-November  and  hatching 

in  March,  the  nymphs  being  full  grown  by  September.  Several  species 

have  been  made  of  the  varieties  of  this  species. 

Poedhcera  picta,  Fabr.  is  the  conspicuous  Painted  Grasshopper  so 

common  on  the  ak  plant  (Calotropia  spp.).  It  is  brightly  coloured  in 

blue  and  yellow,  living  openly  on  its  food  plants  and  evidently  protected 

by  its  bad  taste  from  birds.  There  are  at  least  two  broods  a  year,  the 

last  (in  November)  laying  eggs  that  pass  through  the  winter.  The  nymph 

is  coloured  in  yellow  with  black  stipples  and  red  spots,  this  colouring 

gradually  giving  place  to  that  of  the  adult  in  the  last  two  instars  before 

the  final  moult.  The  distribution  of  this  species  is  peculiar  and  follows 

that  of  its  food  plant  which  thrives  in  the  drier  portions  of  India  from 

the  north  of  the  Punjab  to  the  Southern  extremity  of  Madras.  Atracto- 
morpha  crenuUUa,  Fabr.  (fig.  25)  is  extremely  common  throughout  the 

plains,  and  is  a  serious  pest  to  young  plants.  The  males  are  smaller  than 

the  females  and  often  brown,  while  the  female  is  commonly  green. 

Tobacco  is  a  favourite  food  plant  of  the  insect  in  all  stages  and  the 

round  holes  eaten  in  the  leaves  of  this  plant  are  frequently  the  work 

of  this  species.    It  is  reported  as  injurious  to  cane  in  Java. 
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Chrotogonua  (fig.   26)  includes  the  common   Hurface  grasshoppeiv. 

flattened,  theuppet  surface  of  a  dark  earth  colour,  roughened,  with  spots 
of  white  or  yellow,  the 
lower  surface  white.  These 

insects  are  found  in  fallow 

fields,  on  newly-sown  land, 

in  grass  and  low  crops.  Thf 
male  is  smslier  than  the 

female.  The  latter  lays 

about  (jO  ̂ 8  in  a  mass  in 
the  soil  and  there  appear 

to   be  no  regular    season- 

for   breeding.     They  are 
Among  the  moat  common  o{ 
insects    in    the   cultivated 

plains  and  are  often  serious- 

ly destructive.   The  number 

of  species  concerned  is  very 
Vig.  2.V  Athactomobpha  cepnt'IiAI*.  .        „, 

uncertain.  Cnrotogonm  trac- 

hyfterus,  Bl.  appears  to  be  the 

common  plains'  species  but  it  is 
either  a  variable  species  or  several 

are  confused.  C.  lugubris,  Bl.  is  a 

smaller  insect  of  similar  appearance. 

(See  Ann.  Hoc.  Ent.,  France,  V, 

(507,  where  Blanchard  describes 

Ommexecha  trachypterus.  lugvbris, 

etc.,  from  India.) 

Acridiinw. — A  large  sub -family 

which  includes  the  locusts  and  large 

grasshoppers.  They  are  readily 

recognised  by  the  tooth  between 

the  base  of  the  forelegs. 

Catantopa  is  a  large  genus  of  mo- 

derate sized  insects  found  commonly 

Vig.  2fM}BBOIOaONT;s  L1T0trBRI» 
(I.  M.  N.) 





pl.ate   vii.   hleroglyphus  flkcifek. 
Tub  Rice  Qkasshopper. 

Fig.   1.      A  single  egg. 

2.  ̂ gg  mass. 
3.  „  divested  of  the  outer  covering. 

4.  Nyinph,  last  instar. 
n.      Imago,  male. 
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in  grass  lauds.  C.  indicua,  Bol.,  C.  humeralis,  Thunb.  and  C.  axaiaris, 
Thunb.  are  the  species  of  general  occurrence.  Cyrtacanthacris  ratiacea, 
Stoll.  {Acridium  aeruginosum,  Burm.)  is  the  very  common  large  grass- 

hopper found  in  the  fields  especially  on  cotton.  There  is  no  record  of 
its  migrating.  It  breeds  apparently  at  all  times,  the  eggs  as  usual  in  the 
ground,  the  nymphs  being  green,  a  pinkish  line  developing  on  the  pos- 

terior edge  of  the  pronotum  as  development  proceeds.  In  the  insectary 
eggs  were  laid  in  November,  hatched  in  January,  and,  after  six  moults 
the  nymphs  became  full  grown  in  May,  the  total  nymphal  life  being  113 
to  138  days.  They  were  fed  wholly  on  cotton.  Males  are  smaller  than 
females.  The  adult  is  distinctly  more  markedly  black  and  white  in 
colouring  than  any  common  Indian  Acridium  (Plate  VI).  Schiatoc£rca 

(Acridium)  peregrinum,  01.  is  the  North-West  or  Migratory  Locust  of 
greatest  notoriety  (Plate  V).  It  occurs  now  over  North  India,  Afghanis- 

tan, Arabia,  Persia,  Northern  Africa  and  Cyprus  ;  it  has  been  found  far 
out  in  the  Atlantic  Ocean  and  is  believed  to  have  actually  originated  in 
South  America  and  spread  thence  to  Africa ;  it  is  known  to  have  spread 
so  far  West  as  England  and  constantly  reaches  the  Assam  valley  and  the 
most  Eastern  Hills  of  Northern  India.  It  has  been  much  discussed  and 

written  about,  but  we  are  not  aware  of  any  one  really  good  account  of 
its  life  history,  depredations  and  movements.  In  India  it  is  destructive 

only  in  the  dry  areas  of  the  Punjab,  since  only  in  these  does  it  breed ;  the 

Bwarms  of  adults  can  be  frightened  away,  but  it  is  the  hoppers  (Plate  IV) 
which  are  really  destructive.  The  student  should  see  the  article  on 

"Locustsin  India"  in  the  Agricultural  Journal  of  India,  Vol.  II,  p.  238, 
and  consult  the  voluminous  literature  on  the  subject.  Acridium  sue- 
cinctttm,  Linn.  (Plates  II  and  III)  has  been  the  subject  of  investigation 
recently  and  while  we  require  to  know  more  of  its  enemies,  its  move- 

ments and  life  history  are  well  known  (Mem.  Agric.  Dept.  India,  Ent. 

I,  "The  Bombay  Locust").  The  most  interesting  point  is  the  very 
carious  colour  changes  which  are  more  complex  than  in  the  Migratory 
Locust.  The  following  extract  is  interesting  as  it  almost  certainly 
refers  to  this  species : — 

"  A  friend  of  Mr.  Kirby  informed  him,  that  at  Poona  an  immense 
cloud  of  locusts  ravaged  all  the  Mahratta  territory,  and  was  thought  to 
have  come  from  Arabia.    This,  indeed,  was  a  most  astonishing  swarm, 
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if  Mr.  Kirby's  friend  was  correctly  informed.  The  column  extended  five 
hundred  miles,  and  was  so  dense  as  thoroughly  to  hide  the  sun,  and  pre- 

vent any  object  from  casting  a  shadow.  This  horde  was  not  composed 
of  the  migratory  locust,  but  of  a  red  species,  which  imparted  a  sanguine 
colour  to  the  trees  on  which  they  settled."  (Cuvier's  Natural 
History,  1832,  Vol.  II,  p.  207.)  Acridium  is  also  represented  in  the 
plains  by  rarer  forms,  large  robust  insects  found  chiefly  on  trees  and 
bushes. 

Dentodoctu  (Heteracris)  includes  large  grasshoppers  distinct  from 
Acridium  in  having  the  pronotum  more  flattened  with  two  dorsal  light 
stripes  enclosing  a  central  dark  fascia.  D.  rohmtus  and  D.  capends, 
Thunb.  are  common  species. 

ffierogli/phus  banian,  Fabr.  (furcifer,  Serv.),  is  known  as  the  Rice 

(rrasshopper  and  breeds  freely  in  rice  land  and  wet  grassland    (Plate 

KiK.  '27— HlHROULYPHUS  FITKOIFKR,  MICRUPTGROCH  FOKM. 

VII).  There  is  but  one  brood  yearly,  the  eggs  remaining  in  the  soil  from 

November  to  June.  The  tendency  to  abbreviation  of  the  wings  is  very 

marked  and  in  the  same  place  can  be  found  macropterous  forms  with 

inteimediates  to  micropterous  ones.  There  is  a  considerable  amoant  of 

variation  in  size  and  a  species  (H.  coteaii)  was  described  which  is  prob- 

ably not  valid.  The  common  species  can  be  found  over  a  wide  area  of 

the  moister  parts  nf  India.    Amongst  the  most  delightful  of  Indiftft 
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inseote  is  the  large  Teralodus  monticollis,  6r.  (fig.  28) ;  it  is  dull  green  or 

"dry  grasa "  colour,  with  hrighser  colouring  under  the  wings;  the  pro- 

Fig.  28~Tjikatodch  monticollis. 

notum  is  produced  up  as  a  sharp  hood  over  the  body,  giving  it  a  most 

striking  appearance ;  in  flight  (fig.  29)  it  is  extremely  beautiful,  the  bright 
colours  showing  out.  While  it  is  common  in  Western  and  Southern 

India,  it  does  not  appear  to  occur  East  of  the  Deccan  and  the  dry  parts 
of  Central  India.  The  young  forms  have  the  hood  well  developed  and 

are  extremely  striking  in  appearance,  the  lateral  compression  being  ver)- 
marked.    They  look  like  green  leaves. 

In  thick  vegetation  and  in  green  crops,  one  sees  numbers  of  little 

active  green  grasshoppers,  feeding  on  leaves  and  often  very  destructive ; 

these  are  Oxya,  the  common  species  known  as  0.  velox,  Thunb.  predomi- 
nating ;  these  are  of  small  size,  and  have  a  dark  streak  along  each  side 

and  on  to  the  tegmen.  They  are  found  commonly  in  the  rains  and 

appear  to  emerge  only  at  that  time. 

CoUealing,  etc. — Grasshoppers  are  easily  collected,  either  with  a  net 
or  by  hand.  Many  forms  are  got  by  sweeping  in  vegetation  and  this 

is  perhaps  the  best  method.  Few  come  to  lights  {Epacromia,  Chroto- 
gonus,  etc.)  or  to  any  bait  that  can  be  put  down.  When  killed  in  a  cya- 

nide bottle  they  make  good  specimens ;  benzene,  chloroform  and  other 

fluids  are  not  good,  the  hind  legs  being  often  thed  or  broken.    They  are 
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easily  stored  in  paper  cylinders  and  travel  well  through  the'postin  this 
way  :  if  pinned,  theleft  wings  should  be  spread,  the  pin  through  the  right 

wing  or  thorax.  Large  specimens  may  be  dtufied,  but  this  is  not  neces- 

sary if  the  specimen  is  properly  dried.  Bearing  from  the  egg  is  some- 
times difficult  unless  done  on  a  really  large  scale  and  even  then  the  right 

conditions  must  be  maintained,  especially  an  adequate  amount  of 

moisture  in  the  air.  Adults  mate  in  large  cages  and  lay  eggs  freely  if 
not  disturbed  and  given  suitable  conditions. 

Vig.  29— TEKAfoncs  moktioolub. 

(Ftom  Cttvitr) 
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banded  in  bright  colours  which  extend  otten  to  the  sides  of  the  basal 
abdominal  segments.  The  same  colouring  is  found,  for  instance,  in  Noc- 
tuid  Moths  of  the  genera  Ophideres,  Ophiusa,  Hyblaa  and  Catoccda,  as 
well  as  in  the  MantidcB,  a  few  of  the  ArctUnw,  and  an  exceptional  Pyra- 
lid.  Some  Coreidae  also  exhibit  it  and  it  is  probably  commoner  in  cryp- 

tically coloured  insects  than  is  generally  supposed.  The  commoner  Ci- 
cadas exhibit  it  in  exceptional  beauty,  the  cryptic  colouring  being  very 

marked  and  the  lower  wing  very  vivid,  the  flight  jerky  and  in  zigzags. 
We  are  probably  correct  in  concluding  that  in  all  these,  the  insect  relies 
on  its  protective  colouring  first,  but  if  disturbed,  the  deceptive  colouring 
is  brought  into  play  in  the  sudden  quick  flight  to  another  tree,  when 
cryptic  colouring  is  again  predominant.  This  colouring  gives  us  a  glimpse 
into  the  inner  life  of  insects  which  is,  in  its  way,  instructive.  There  are 
so  many  adaptations  of  this  kind  in  insects  that  one  can  lealize  dimly 
that,  always  and  at  all  times,  they  are  in  danger  from  birds,  from  lizards, 
from  Asilid  flies,  from  Dragon  flies,  from  Locustids,  from  Mantids  and  so 
on.  To  enable  them  to  escape  they  have  various  forms  of  colouring  but 
the  mere  fact  that  they  are  in  constant  danger  of  being  destroyed  shows 
how  far  their  mentality  must  differ  from  ours  and  how  constant  is  the 
working  of  that  balance  of  life  that  prevents  the  undue  increase  of  any 
one  species  above  its  fellows. 

LocusTiD^B. — Long-homed  Grasshoppers. 

The  antenn(p  long,  imany -jointed.    The  auditory  organ  on  the  fore  tibia. 

Tarsi  four-jointed.    The  fetnak  with  a  conspicuous  ovipositor. 

This  family  is  at  once  distinguishable  from  the  Acridiids  by  the  long 

antennae  and  the  position  of  the  auditory  organ ;  it  is  less  clearly  dis- 

Fig.  80— MKJOPODA  IIOKOATA. 
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The  AcridiidcB  more  than  any  other  group  of  insects  exhibit  that 
combination  of  colours  which  is  designated  under  the  above  term,  a 
scheme  of  colouring  designed  to  deceive  birds  and  other  predators  which 
pursue  these  insects.  The  essential  features  are  a  cryptic  scheme  ol 
colouring  fimctional  when  the  insect  is  at  rest,  with  bright  and  conspi- 

cuous colouring  revealed  only  when  the  insect  is  in  flight  and  concealed 
by  the  forewings  or  by  the  attitude  when  the  insect  alights.  If  one  goes 
into  a  grass  field,  intent  on  observing  large  grasshoppers,  one  will  sud- 

denly see  a  brightly  coloured  insect  jump  up,  fly  a  little  distance  and 
disappear.  One  sees  it  by  the  bright  colours  and  one  can,  as  a  rule, 
easily  follow  its  flight  by  them.  These  bright  colours  are  in  the  lower 
wing  and  perhaps  part  of  the  abdomen  ;  they  are  visible  only  when  the 
forewings  are  expanded  in  flight  revealing  the  large  expanse  of  lower 
wing  and  the  abdomen.  The  insect  in  flight  is  easily  visible  owing  to 
these  bright  colours  and  the  Acridiids  fly  with  a  swift  jerky  motion,  at 
the  end  of  the  flight  suddenly  wheeling  down  and  settling  motionlesB 
with  closed  wings.  The  eye  has  followed  the  bright  colours  and  loses  the 
insect  as  these  disappear  with  the  closing  of  the  wings  at  the  completion 
of  the  flight.  One  s  eye  is  not  seeking  the  cryptically  coloured  grass- 

hopper, which  thus  escapes  attention,  even  if  one  could  easily  see  the 
motionless  insect  coloured  in  shades  approximating  to  its  surroundings 
and  marked  with  darker  colours  to  suggest  the  light  and  shade  in  the 
v^etation.  With  the  exception  of  thewamingly  coloured  grasBhoppers 
and  the  vividly  coloured  locusts,  deceptive  colouration  of  this  kind,  de- 

pending upon  bands  of  yellow,  red  or  other  vivid  tints,  is  very  common 
among  Acridiids.  Exceptionally  beautiful  examples  are  found  in  Gat- 
tromargut  {Oedaleut)  and  in  the  extremely  striking  TenUodus  mowtuxlUt, 
the  colouring  in  the  latter  being  on  the  body  under  the  wings  rather 
than  on  the  wings.  An  instance  is  also  found  in  the  Leaf  butterflies 
{KaUima  irMchis,  and  K.  Horafieldi)  in  which  the  upper  surface  of  the 
wing  has  a  bright  orange  blotch,  visible  in  flight,  whilst  the  form  of  the 
wings,  the  colouration  and  the  resting  attitude  are  extraordinarily  like 
a  leaf;  at  rest  the  insect  is  invisible,  ih.  flight  it  is  conspicuous  and  the 
transition  from  the  latter  to  the  former  at  we  close  of  a  brief  xigiog  flight 
is  extraordinarily  deceptive. 

Another  group  with  conspicuous  examples  is  the  Sphingidai,  the 
body  and  foivwing  of  the  lai^e  species  being  commonly  coloured  in  dull 
ciyptic  tints  which  harmonize  with  bark,  while  the  lower  wings  are 
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tinot  from  Gryllids  in  the  wings  and  tarsi.  These  insects  are  usually  of 

large  size,  none  of  less  than  half  an  inch  in  length,  a  few  exceeding  two 
inches.  They  are  less  robustly  built  than  the  Acridiids  and  include  a 
greater  variety  of  forms.  Many  are  elongate,  the  body  narrow,  the 
general  colour  green  variegated  with  darker  tints,  their  form  and  colour 

blending  with  the  grass  or  vegetation  -among  which  they  live.  Others 
are  larger,  the  tegmiua  broader  and  leaf -like;  (fig.  31)  the  colour  is  green 

FiK.  31  -HOLOOHLORA  AtBIDA. 

and  the  veins  of  the  tegmina  suggest  the  veins  on  a  green  leaf.  These 

live  upon  bushy  plants  and  are  well  concealed.  Others  living  upon  bark 

are  grey,  the  tegmina  roughened,  and  so  closely  adapted  are  they  to  their 
habitat  that  they  can  scarcely  be  seen  until  they  are  in  motion. 

The  antennae  are  very  long  and  fine,  with  many  joints,  functioning 
as  delicate  organs  of  touch.  The  mouthparts  are  of  the  herbivorouH 

type,  the  mandibles  short  and  powerful,  the  palpi  well  developed.  The 
piothorix  is  large  and  distinct;  the  tegmina  are  thickened  and  coloured, 

usually  sloping  over  the  abdomen,  with  a^mall  basal  flat  area.  In  the 

males,  this  fiat  area  is  modified  to  form  a  sound  producing  organ  ;  the 

right  tegmen overlaps  the  left  and  has  on  its  lower  surface  a  sharp  point; 
the  kit  oQ  its  upper  surface  a  file  ;  by  the  movement  of  the  tegmina, 
vibiation  is  produced,  the  sound  being  intensified  by  the  stiff  tegmina. 
In  some  speejies  this  organ  occurs  in  both  sexes.   The  hind  wings  are  large 
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and  folded  below  the  tegmina.  A  number  of  species  are  wingless  or  have 
wings  reduced  in  size.  The  foreleg  has  a  swelling  on  the  tibia,  in  which 

is  situated  the  auditory  organ,  closed  externally  by  a  tympanal  mem- 
brane situated  in  a  small  depression.  This  organ  is  not  present  in  all 

species.  The  hind  leg  is  similar  to  that  of  the  Acridiids,  the  femur 
dilated  near  the  base,  the  tibia  long  and  reaching  to  the  base  of  the  femur. 

The  female  is  characterised  by  the  ovipositor,  a  conspicuous  external 
structure,  often  of  large  size  and  shaped  like  a  sword.  The  male  has 

external  clasping  organs.  The  abdomen  is  soft  and  fleshy,  not  exten- 
sible. 

The  life  history  of  no  Tndian  species  appears  to  have  been  worked 
out,  though  the  eggs  and  nymphs  are  common.  Eggs  are  laid  in  the 
edges  of  leaves,  in  the  stems  of  grasses,  in  the  bark  of  trees  and  in  the 
soil.  As  a  rule  these  eggs  are  flattened ;  the  female  makes  a  slit  with 

the  ovipositor  and  deposits  her  eggs  in  the  slit.  Nymphs  are  found  in 
the  habitat  of  the  adults  and  pass  through  an  unknown  number  of 

moults,  the  wings  appearing  gradually. 

Locuatids  are,  as  a  rule,  nocturnal  in  habit,  remaining  quietly  in 
concealment  during  the  day ;  this  is  not  an  invariable  rule.  While 

many  are  herbivorous,  some  are  predaceous  on  insects,  probably  only  in 
part  and  with  the  power  of  becoming  herbivorous  if  food  is  scarce.  The 
holes  eaten  in  the  blades  of  leaves  of  ornamental  shrubs  in  the  plains  are 

probably  the  work  wholly  of  Locustidoe  and  a  large  proportion  appear 

to  feed  in  this  way.  Diurnal  species  have  been  seen  to  capture  butter- 
flies, but  as  most  are  nocturnal  their  food  is  not  known.  Many  are  con- 

spicuous songsters,  the  sounds  produced  varying  from  a  deep  harsh  note 
to  a  sustained  high  shrill  one.  Some  come  to  light,  as  do  so  many  winged 
nocturnal  insects.  Loctistidoe  are  most  abundant  in  the  rainy  months 

and  are  practically  never  captured  during  the  cold  weather  where  this  is 
well  marked.  Hibernation  appears  to  take  place  in  the  egg  stage  but  this 

is  not  certain  and  if  it  occurs,  the  eggs  must  presumably  be  laid  in  some 

situation  more  permanent  than  a  grass  stem  or  a  leaf. 

In  India  none  are  recorded  as  pests  except  the  aberrant  burrowing 

Schizodaaylus  whose  habits  place  it  among  Oryllids  rather  than  Locus- 

tida.  Elsewhere  are  few  which  become  suflBciently  abundant  to  be  des- 

tructive to  cultivated  plants.    These  insects  are  rarely  found  in  numbers 
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Oryllacrm<p.    Schizodactylus  monatruosm,  Don.  (fig.  33)  (the  bher- 
wa  of   Behar)  is  an  extraordinary  insect,  rather  doubtfully  placed  in 

.'■•  '.':..?  •.  V"  '-'..*  iL'j?*r' 
Fig.  iB— Schizodactylus  movstruo&cs. 

(F.  M.  H.) 

this  family.  It  is  a  large  insect,  robustly  built,  with  long  tegmina 

which  roll  up  into  a  spiral ;  the  sides  of  the  tegmina  turn  down 

abruptly  as  in  the  OryllidcB  and  the  tarsi  have  curious  flat  expansions 

The  appearance  of  the  insect  is  extremely  striking  and  its  large  jaws 

make  it  appear  ferocious.  It  is  wholly  a  burrowing  insect,  living  in 

sandy  soil  and  often  near  rivers,  making  deep  burrows  in  which  it 

lives.  The  eggs  are  laid  in  the  burrow,  the  female  having  no  ovipositor 

and  behaving  much  like  a  cricket.  It  is  believed  to  be  carnivorous, 

and  is  destructive  to  crops  only  when  its  borrows  are  so  abundant 

that  it  outs  the  roots  o*  plants.  Its  distribution  in  India  is  a  curious 

one  including  Tirhoot,  parts  of  Assam,  Bellary,  parts  of  Sind  and 

Multan.  Apparently  it  is  dependent  upon  peculiar  conditions  of  soil 
and  moisture. 
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in  India  and  appear  to  increase  slowly.    The  Cotiocepliali  that  live  in 

grass  are  perhaps  the  most  abundant. 

The  most  recent  catalogue  of  the  family  is  Kirby's  in  Volume  11 

of  "Synonymic  Catalogue  of  the  Orthoptera"  (1907).  Following  Brun- 
ner  he  divides  the  family  into  24  sub-families  half  of  which  are  unknown 

in  "India"  or  known  from  single  genera  only,  while  four  only  contain  the 
majority  of  our  species.  A  total  of  205  species  is  enumerated  from  India, 

Burmah  and  Ceylon,  though  the  family  is  extremely  little  known  in 

India  and  many  species  remain  to  be  found.  In  this  as  in  other  Orthop- 
terous  families,  the  number  of  tropical  forms  far  exceeds  the  Himalayan 

and  palsearctic,  though  in  this  family  more  than  others  the  vast  major- 

ity are  forest  species  and  are  found  but  rarely  in  the  cultivated  plains. 

The  literature  of  Indian  forms  is  given  by  Kirby  ;  the  works  of  Brunner, 

Bolivar,  Redtenbacher,  Saussure  are  the  most  important.  The  distri- 

bution of  species  is  as  follows  : — Stenopelmatince  5,  RhaphidophorincB  3, 
GryUacrina  40,  Decticmce  1,  Scyince  1,  Conocephalince  13,  Agrcpciina 

10,  XifhidiitKB  8,  Listrocebince  tJ,  liumegalodontmat  1,  Prophalangop- 

since  1,  PseitdophyUina  i'>,  Mecofihodiva  2,  PhyJlofhorina  7,  Phane- 
rcpterincB  57. 

Stenopelmatince.  Oryctopus  includes  two  species  found  in  buiTows 

in  a  river  bank  near  Trichinopoly  by  the  Professors  of  St.  Joseph's  Col- 
lege. The  male  has  rudiments  of  tegmina  and  wings,  well  developed 

eyes  and  tarsal  claws ;  the  female  has  quite  small  eye  spots,  the  antennsf 

are  very  small  or  absent,  the  tarsal  claws  rudimentary,  the  ovipositoi 
absent  and  the  insect  is 

wholly  apterous.  Both 

sexes  were  found  to- 

gether in  the  burrow. 

Two  species  are  des- 
cribed, 0.  Bolivari, 

Brunn.  and  0.  prodi- 
giosug,  Bol.  (fig.  32). 

We  figure  the  female 
from  Bolivar  (Ann.  „.,«.,. 

Soc.  Ent.  France,  1899,  ^J^ft„  Bolivar.) 
784). 
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Conocephalinae. — Conocephalus  includes  narrow  grasshopper-like 

forms  which  live  in  grass. "iTheir  eggs  are  laid  in  the  stems  of  grasses 

Fig.  34— Conocephalus  indiuus  eedt. 

and  the  insects  of  all  ages  are  found  in  waste  lands  and  long  grass. 

The  males  produce  a  sustained  shrill  note  which  is  exceedingly  difficult 

to  locate  and  the  shrill  music  heard  in  long  grass  is  mainly  produced 
by  these  species.  C  indicua,  Bedt.  and  C.  pallidua,  Eedt.  are  the 
common  species. 

Mecopodinae. — Meropoda  elongata  (fig.  30)  is  a  very  large  form,  of 

a  dark  brown  colour,  of  the  "  dead-leaf  "  tint,  the  tegmina  often  witli 
markings  such  as  are  found  on  decaying  leaves  ;  it  is  found  sparsely 

over  the  plains,  among  trees  and  not  in  the  open. 

Pseudophyllitute. — Saihrophyllia  includes  the  large  flattened  forms 
coloured  like  bark,  which  are  found  sitting  motionless  on  the  bark 

of  trees  by  day  and  are  active  by  night.  Their  roughened  upper 
surface,  their  colouring  in  dull  shades  of  brown  and  grey,  their 
flattened  form  and  motionless  attitude  pressed  against  the  bark  renders 

them  a  very  notable  case  of  cryptic  form  and  colouring  and  they  are 

extremely  difficult  to  see. 

Cottetting. — ^Locustids  are  best  collected  by  careful  search  among 
grass,  on  bushes,  on  the  bark  of  trees,  under  the  loose  sheets  of  bark  that 

are  found  on  some  trees  and  between  the  sheathing  leaf-stalks  of  palms. 
Rearing  is  apparently  possible  only  \^hen  the  food  habits  of  the  young 
are  first  ascertained.  When  killed  (in  a  cyanide  or  B.  C.  bottle),  they 

should  be  pinned  through  the  right  tegmen,  the  left  tegmen  and  wings 

set.  Drying  must  be  very  thorough  as  the  abdomen  is  very  fleshy,  but 

if  properly  done,  stuffing  the  abdomen  with  carbolised  cotton  or  othei- 
similar  tr«atanent  is  not  required. 
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liRYLT.iu^. — Crickets. 

Lm/nny  insects,  ivith  umallif  hmj  flHforw  mdcmia:  The  nuditon/  onjan 
is  on  the  fore  tibia.  The  wimjs  are  tvrned  over  at  right  angles  front 
the  dorsal  to  the  lateral  smface  of  the  hndtf.  Tarsi  three-jointed  ; 
female  with  a  lowf  ovipositor. 

Gryllidce  are    distinct  from  Locimtidce  in  the  tarsi  and  the  wings ; 

they  are,  however,  a  group  which  contain  many  different  types  of  insects 

which  hardly  fall  into  one 

family  and  which,  with  further 

knowledge,  will  probably  be 

split  up.  All  do  not  have  long 
antennsp  ;  some  have  no  ovi- 

positor, and  in  others  the 

wings  are  not  deflexed.  If 
we  remember  Schizodactylm 

which  may  be  a  Gryllid,  and 

are  familiar  with  Gryllotalfa 

and  Tridactiflns.  it  is  easy  to 
realise  that  LocustidcB  and 

GrifUidcp  are  hard  to  separate 

and  that  peculiar  environ- 
ment has  produced  such 

changes  in  some  forms  that 

they  scarcely  come  within  the 
definition  of  the  family  Tlic 

Gryllidce  as  a  whole  are  a 

large  family  not  of  great  importance  economically  and  not  interesting 

to  the  ordinary  student  of  nature.  The  Indian  species  are  probably 

very  imperfectly  known.  Brunner  lists  43  species  from  Burmah  of 

which  he  describes  20  as  new  to  science  ;  Bolivar  lists  3.")  from  South 

India  of  which  14  were  new.  Kirby's  Catalogue  lists  130  species 

from  India,  Burmah  and  Ceylon  of  which  8()  occur  in  India.  There  are 

probably  many  new  species  to  be  found  and  there  is  much  interesting 

work  to  be  done  in  the  biology  of  all  of  them.  The  works  of  Saussure, 

Brunner  van   Wattenwyl    and  Bolivar    include  the    most  im})ortaut 

literature  of  the  family  as  a  whole. 
7 

Kig.  3fi— LlOGRYLTitJS    ElMAi  n.ATri. 
{I.  M.  N.) 
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AUowiup;  them  to  be  a  group  which  will  eventually  be  split  uj)  and  are 

now  maintained  for  couvenience  rather  than  loj^ical  fact  we  can  discuss 

them  individually  and  need  make  no  general  statements  about  the 

family  as  a  whole.  The  family  is  by  de  Saussure  divided  into  seven 

tribes,  regarded  by  Kirby  as  six  sub-families.  The  following  key 

follows  de  Saussure's  arrangement  and  is  given  in  Sharp's  Insects  : — 
1.  Antenna-  ten-jointed:  ))osterior  tarsi  aborted.  Tiibe  1.  Tri- 

•factt/lides. 

['.    A?itenna'  many  jointed;  posterior  tarsi  normal. 

■J.    Tarsi  compressed,  the  second  joint  minute. 

:^.  Aiiterioi  legs  foxsorial  :  anterior  tibia'  at  tlie  apex  witli  two  to 
four  divisions.  Pronotum  elongate,  ovate,  rounded  behind.  Female 

without  ovipositor.    Tribe  2.    GrifUotalpides. 

:r.     Anterior  legs  formed  for  walking.    Ovipositor  of  the  female 

visible  (either  elongate  or  rudimentary). 

4.    Posterior  tibia-  biseriately  serrate.     Tril)e  :i    Mi/niiecojjhihdcs. 

i\    Posterior  tibi.e  biseiiately  spinose.     ()vij)ositor  straight. 

■").  .\ntennif  short,  thickish,  almost  thread-like.  Facial  scutellum  ex- 
serted  betweoM  antenna-.    Po>*tprior  tibia- dilated.     Gen.  Mi/imcco'philti* 

5'.     Antennae  elongate,  setaceous.     Facial  scutelluni    transvcise. 
visible  below  the  antennse.     Tibia-  slender. 

(i.  PohU-rior  tibin-  armed  with  two  strong  s])ines,  not  senate  be- 
t^'.een  the  spines.    Tribe  4.    GrijUidcK. 

()'.    Posterior  tibi.-e  slender,  armed  with  slender  spines,   and  ser- 
rate between  them.     Tribe  •">.    Oecanthides. 

2'.    Second  joint  of  the  tarsi  dejjressed,  heart-shaped. 

3.  Posterior  tibi»-  not  serrate,  but  biseriately  spinose. 

4.  The  spines  on  each  side  three  and  mobile  ;  apical  spurs  on  tlie 
inner  side  only  two  in  number.  Ovipositor  short,  curved.  Tribe  (i. 
Trigonidiides. 

4'.    The  spines  numerous,  fixed.    Ovipositor  elongate,  straight. Gen,  Stenogryllus. 

*  Tke  KeiiiDi  MyrmfophUa,  IwiiiK  exfeptional  in  nevei-fll  reH|iept»,  in  treatwl  Heparately. 
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3'.  Posterior  tibiu-  serrate  and  spiiiose  on  each  side,  the  apical 
spurs,  as  usual,  three  on  earh  side.  Ovipositor  straight  or  curved. 
Tribe  7.    Eneopterides. 

We  may  here  discuss  the  grouj)  under  divisions  including  the  Tridac- 
fylintf  (small  surface  crickets),  GrijlhtaJfnnce  (mole  crickets),  Gryllwa 
(house  and  field  crickets,  burrowing  crickets),  Oecanthince  (plant crickets). 

Tridactylmce  are  small  insects,  measuring  about  one-quarter  of  an 
inch  in  length  ;  the  antennsp  are  short  with  about  ten  joints,  the  wings 

Fig.  3(5— Tkii>a<  tyuts  «p.     \  s. 

in  some  are  impei-fectly  developed,  m  some  fully  developed  :  the  abdo- 
men terminates  in  six  processes  like  cerci,  which  are  hairy  and  strongly 

suggest  the  hairy  processes  used  by  some  aquatic  larvtc  to  support 

themselves  on  the  surface  film  of  water  while  they  get  air.  The  hmd 

legs  terminate  in  two  straight  processes,  the  tarsus  not  being  formed,  and 

the  tibia  also  bears  lateral  processes,  which  apparently  are  spread  out 

upon  the  wet  soil  on  which  the  insect  lives  and  act  as  supports ;  these 

lateral  processes  are  also  capable  of  being  closed  up.  These  little  insects 

live  upon  damp  soil ;  they  are  common  on  the  banks  of  tanks,  in  irrigated 

fields,  in  watered  gardens ;  they  prepare  small  galleries  by  burrowing 

along  the  surface  of  the  soil  and  live  in  these  burrows.  They  form  a  very 

large  part  of  the  tiny  "flies"  which  crowd  in  hordes  round  lamps  in  such 
places  as  Calcutta  and  are  enormously  abundant  in  places  near  large 

rivers.  Tridactylus  vanegatus,  Latr.  in  Europe  is  said  to  burrow  in  the 

sand  of  river  banks.  Tridactylus  thornnnis,  Guer.  from  the  Nilgiris,  T. 

major,  Scudd.  from  "India"  and  T.  castetsi,  Bol.  from  Trichinopoly  are 
our  recorded  species. 

GryUotalpincB  include  large  insects,  which  arc  characterised  readily 

by  the  forelegs,  which  are  profoundly  modified  to  form  powerful  digging 
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iiistrumeuts.  Tlies*'  insects  grow  t<)  a  lengtli  of  over  one  inch,  the  head 

and  prothorax  very  hard,  the  antenna'  short,  the  wings  tightly  wrapped 
ronnd  the  soft  abdomen  (fig.  37).  As  in  other  Gryllids,  the  hind 

wings  are  extended  backwards  and  appear  as  a  slender  process  beyond 

Hg.   37— <4R^l.I.OTj»),rA    *FRI(ANA.       X   2. 

the  tegmina  when  at  rest.  There  is  a  pair  of  cerci  at  tlie  end  of  the 

ahdomen.  The  forelegs  are  extremely  })owerfnl  and  by  digging  and  press- 

ing, the  hard  head  and  prothorax  is  forced  through  the  soil,  the  soft 

abdomen  and  weaker  posterior  legs  foliownig.  The  female  is  destitute  of 

an  ovipositor  and  lays  her  eggs  (ftg.  S8)  in  the  buiTOw,  which  extends  to 

a  considerable  depth  below  the  surface.    These  eggs  have  been  found  in 

Pig.  3«-  Obyluitalpa  ArBicANA  ;  book,  KEDrcrn  to  J,  and  nymph. 

a  duster  m  the  moist  sand  of  the  river  bank,  soft  white  oval  eggs  lying 

loosely  in  a  round  chamber  at  sontf  depth  in  the  sand.    The  young 
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nytuplis  thrive  on  a  diet  of  tiy  grubs,  worms  and  otlier  small  animal  life, 
making  small  burrows  in  the  loose  sand. 

Like  other  parts  of  the  earth's  surface,  the  soil  for  some  twenty  feet 
down  contains  abundant  insect  and  other  life,  which  forms  the  food  of 

the  mole  cricket  and  in  search  of  whicli  it  burrows  through  the  soil. 

When  its  burrows  are  near  the  surface,  damage  is  caused  to  the  roots  of 

plants  and  the  insect  is  destructive  to  this  extent. 

The  winged  imago  flies  at  niglit  and  comes  to  light  very  readily. 

In  the  rains  they  are  often  flooded  out  and  in  dry  weatliev  descend 

deeper  for  soil  moisture.  There  are  many  ingenious  ways  of  destroying 

them,  none  sufficiently  effective  to  appeal  to  any  but  an  econoiiiii. 

entomologist.  Two  species  occur  iji  India.  Gryllotalfu  africana,  Pal.  B., 

which  is  widespread  over  the  plains  and  lower  hills  (also  through  the 

warmer  parts  of  Asia  and  Europe),  and  G.  vuiqarin,  Latr.,  found  in  tlie 

Himalayas  and  common  also  in  Europe,  Egypt,  Western  Asia,  etc. 

Throughout  our  area,  afriraiia  alone  appears  to  occur. 

The  Mi/niwcoiJhilinw  are  small  insects  chiefly  interesting  b<-cauhe 

they  are  found  in  ant's  nests.     A  variety  of  Mtirmecophilu  uvermrtim, 

Fig.  :W  -PTH)R<)l*I.IbTUN  PLATYt'l.Mt.
. 

{Aflfr   Bolimir.) 
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Paiiz.,  was  found  by  Wroughton,  M.  plagiolefidis'Waamx,  by  Assniutli, 
while  Omebius  Guerini,  Bol.,  andO.  nigripalpis,  Guer.,  And  Pteroplistus 
platt/cleis,  Bol.,  are  recorded  from  South  India  and  several  from 
Burmah.    (See  below  under  M ifrmecophilous  Insects  after  Pamsida;) 

We  come  then  to  the  Gryllince,  the  "crickets."  These  insects  are 
distinguished  from  Lociistides  by  the  characters  given  at  the  head  of  the 

section.  They  vary  in  size  from  half  an  inch  to  over  two  inches  in  length ; 
the  colours  are  dull,  mainly  cryptic,  brown  predominating  with  black 

and  rarely  yellow-brown.  None  are  brilliant  or  conspicuous,  and  the 
colouring  is  that  of  other  surface-living  insects.  The  antennae  are  long 
and  filiform  ;  head  large,  the  prothorax  distinct.  The  tegmina  are 

deflexed,  the  inner  area  lying  flat  on  the  upper  surface,  the  outer  area  ver- 
tically against  the  side  of  the  body.  The  lower  wings  are  produced  back 

and  when  at  rest,  give  the  appearance  of  a  projecting  sting  or  procesp. 
.\t  the  apex  of  the  abdomen  are  two  cerci,  and  as  the  female  has  a  long 

fine  ovipositor,  the  hind  end  of  a  female  cricket  bristles  with  formidable 

looking  structures.  Auditory  organs  are  situate  in  the  foreleg,  as  in  the 

Locustidi". 

Grylhdap  produce  loud  and  sustained  sounds,  often  very  shrill,  by 

the  rapid  vibration  of  the  wings,  one  (right)  working  over  the  other  (left), 
the  edge  of  the  one  acting  on  the  file  on  the  other.  The  males  have  the 

flat  area  of  the  tegmina  modified  to  intensify  the  sound,  though  to  a  less 

extent  than  is  the  case  in  Locustida-.  The  sound  is  peculiarly  shrill  and 
sustained,  extremely  difficult  to  locate  in  the  field.  Some  of  the  smaller 

specieg  may  be  seen  to  be  vibrating  their  wings  but  the  sound  produced 

is  not  audible  to  everyone,  the  pitch  being  so  high  it  ie  beyond  the  regis- 
ter of  the  normal  human  ear.  Apterous  forms  also  occur  and  species 

in  which  the  wings  are  reduced  in  size.  Almost  nothing  is  known  of  the 

life  history  of  Indian  crickets.  The  young  are  similar  in  general  appear- 
ance to  the  adults,  but  the  number  of  moults  is  not  known. 

There  are  practically  three  distinet  classes  of  crickets.  Some  bur- 
row deeply  in  the  soil,  making  very  extensive  burrows  which  have  several 

openings  at  the  siirface.  Others  live  on  the  surface,  among  fallen  leaves 
and  other  debris  and  make  short  burrows  into  which  to  retire  but  do  not 

habitually  live  concealed  in  them.  Of  these  a  few  are  household  insects. 

Others  liv»>  on  plants,  passing  their  life  among  bushy  vegetation. 
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and  shoots  of  plants  wliiih  it  eats  or  draws  into  its  burrow.  The  life 

history  occujues  one  year,  tlie  winged  adults  being  found  from  late  April 
to  September,  only  nymphs  being  found  in  the  cold  weather.  1 1  has  been 
successfully  reared  in  the  Pusa  inseotary  on  a  diet  of  green  lucerne  and 

otlier  plants.  This  specie.'*  is  the  prey  of  Sfihex  Jobatus  the  metallic  green 
digger  wasp  (.see  Spheyida).  Liof/ri/Uim  bimarulatm,  de(i.  is  black,  with 

an  orange  spot  at  the  base  of  each  tegnien.  It  appears  to  occur  through- 
out India,  and  is  stated  to  be  found  throughout  the  East.  It  has  been 

found  in  Khandesh  to  cut  through  the  stems  of  potato  plants  at  soil 

level.     (Ind.  Mus.  Notes.  Vol.  Ill,  p.  i»7  .) 

Gryllodes  melnnocephnlus,  Serv.    (fig.  41)  is  reported  as  nijurious  to 

crops  and  has  been  fonnd  in  some  number  in  parts  of  the  Punjab.     It  is  a 

Fig.  41— UKYLLODSB  ItEIiAMOClU'UlLUH. 
(I.  H.  N.) 

Hurfttce-burrowijig  species,  livnig  in  the  fields  and  not  uiaknig  deep  buj- 
rows.  There  are  a  large  number  of  species  to  be  found  in  the  plains  and 
an  investigation  of  the  Indian  species  is.much  to  be  desired. 

Kirby  (Synonymic  Catalogue  of  Orthoptera,  Vol.  11,  IWKi),  records 

Paranemobius  1,  Nemabius  4,  Brachytrypea  3,  Oymnogryllus  3,  Oryllus  12. 

(fryllodeg  «,  Cophogryllus  2,  Scapsipedus  2,  Homcdobleimnm  1,  Loxoblem- 
mm\,Lamdrena  1,  as  genera  represented  in  India,  apart  from  Himalaya, 
Ceylon  and  Bunnah. 
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The  biiiTowiiif;  Hpmes  are  vejj;etaiiau  feeding  upon  looth  and  also 

coming  up  at  niglit  to  cut  off  green  vegetation.  Little  is  known  of  the 

food  of  other  species.  TJie  small  bush  crickets  are  to  some  extent  pre- 

daceous  on  small  insects  and  there  is  no  reason  to  believe  they  are  vege- 

tarian. The  surface-living  s])ecies  are  ])ossibly  also  predaceous  but  one 

at  least  is  found  feeding  upon  living  plants.  Crickets  are  universally 

distributed  in  India  and  arc  perhaf)S  as  abundant  in  the  drici  plain  areas 

as  in  the  moist  ti'acts  of  the  delta  and  forest  districts. 

The  large  brown  cricket  {HmclnftrtipeK  nchfithuis,  Stoll.),  is  the  most 

familiar  burrowing  »])ecie8.  found  commonly  in  the  Himalavas  and  the 

Ki;:.   4(t-   BKACHYTltM'KW    tlHATlNlN.      K(.l.         n  4.      N\MPH.    KOIKTH 

INSTAK      •■    U.    IMA(.()        X    1, 

adjacent  i)lains.  in  Assam  and  Burma.  It  has  a  wide  distributio
n  in 

F<kstern  Asiaandmay  be  widely  distributed  m  suitable  localities  through- 

out the  plains.  It  prows  to  a  large  size  and  is  rarely  seen  on  the  surface 

save  when  the  heavy  rains  flood  it  out  from  its  burrows.  At  dusk,
  the 

male  comes  to  the  surface,  and  pours  forth  its  strident  note,  
the  sustain- 

ed shrill  vibration  being  very  piercing  and.  as  one  approaclies,  
beating 

in  the  ears  with  extraordinary  intensity ;  ex  en  a  Virada  hardly  produces 

Buch  intensity  of  sound.     At  night  the  cricket  seeks  its  f
ood,  the  leaves 
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The  Oecmtlnnre  are  repreHeiited  by  OeauithuH  indiiiii,  Sauss.,  a  deli- 

cate whitish  insec-t  with  a  tinge  of  ])ellucid  green.  Jt  has  tlie  geiieial 
chaiacters  of  Grijlhds  but  is 

easily  recognisable.  This  in- 

sect is  found  upon  plants, 
ill  rice  fields  and  in  dense  moist 

vegetation.  Its  life  history 

does  not  appear  to  have  been 

worked  out  in  India.  It  is,  to 

some  extent  at  least,  preda- 
ceovis  and  has  been  observed 

eating  insects  it  has  captured 
in  the  field.  Other  recorded 

Indian  species  are  Arachnomi- 
mm  picHreps,  Wlk.,  A.  dubius, 

Bol.,  and  Oecanthm  rufescent,, 
Serv. 

The  TriqoHidimn'  are  but 
little  known  and  only  five 

species  are  lecorded  from 

India  proper  :  these  are 

Trufonidiuw  ncindehides, 

Ramb.,  T.  gigas,  BoJ.,  Cifrtoxtpfia  (Eneoptera)  fascipei,   Wlk.,  ('    (oii- 
color.  Wlk.,  and  C.  alhoatra,  WMk. 

The  Kneoptermcp  include  Madasumvui  (7  spp.)  as  well  as  Patii><ut< 

(fuadripuwtatm,  Bol.,  VonmMjruUuf.  ahhrcviatiin,  Bol.,  and  Mehimorphu 
cmiicornis,  Wlk 

Collecting. — A  knowledge  of  their  habitat  is  the  surest  guide  to  the 

methods  of  obtaining  crickets  of  all  kinds.  Tridactylides  are  readih 

found  in  moist  places,  and  also  at  light ;  Grvllotalpa  comes  to  light  and 

may  be  dug  out ;  the  (iiyllides  can  be  dug  out.  found  among  fallen 

vegetation,  or  caught  in  the  evening  when  they  emerge  ;  some  come  to 

light  and  some  are  flooded  out  in  the  rains.  Oecanthides  are  found  ii])on 

plants  and  are  best  looked  for  when  sweeping  pests  in  rice. 

The  lesser  forms  are  very  little  known,  on  account  of  their  fragility, 

and  the  number  of  undescribed  forms  is  probablv  very  large ;  equally 

Fly.   4'2— OK*  ANTHUS   IMUCUS.      X    S. 
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little  is  known  of  their  liabits  or  life-histories  and  there  is  room  here  for 

a  vei-y  extended  investigation  by  an  observer  situated  in  the  plains. 
where  these  little  insects  abonnd. 

ATTRACTION  TO  LIGHT 

Among  the  many  methods  adopted  by  Entomologists  to  obtain 
insects  in  number,  the  light  trap  is  one  of  the  simplest  and  most  eflfica- 
oious.  Tn  India,  the  attraction  of  insects  to  light  is  so  disagreeably  and 
abundantly  proved,  that  it  is  familiar  to  every  one  tliough  there  is  little 
exact  information  as  to  which  insects  come  to  light.  The  real  difficulty 
is  not  to  get  the  insects  to  come  to  light  Imt  to  catch  them  in  good  condi- 

tion when  they  come. 

(.ienerally  speaking,  a  little  is  known  as  to  the  groups  that  are 
attracted  by  light  and  some  careful  collecting  at  liglit  for  a  few  years 
would  soon  furuisli  the  data  necessarv  to  list  the  light-loving  species. 

A  curious  point  is  the  kind  of  light :  the  intense  wliite  of  an  arc  light 
bringp  insects  in  liordes  as  can  Ix  seen  on  Howrali  bridge  or  on  a  river 
steamer  :  the  same  is  true  of  the  acetylene  light,  a  verv  white  intense 
light :  the  yellower  oil  light  may  attract  fewer  insects  because  of  its  less 
range  but  this  is  bv  no  means  certain.  Whether  coloured  lights  exert 
the  same  influence,  and  which  colours  are  best  would  a])})ear  to  be  a  pro- 

mising line  of  research.  e8])ecially  in  relation  to  injurious  insects  as  one 
might  then  be  able  to  discrimmate  the  harmful  and  not  destroy  the  harm- 

less. Actually  no  experiments  on  this  point  seen  to  liave  been  made 
in  this  country  and  our  data  refer  to  white  light  entirely. 

A  consideration  of  the  insects  that  are  known  to  come  to  light  in 

any  countrv-.  has  not.  so  lar  as  we  are  aware,  led  to  any  facts  concerning 
the  nature  of  the  attraction  light  exerts  ;  Crepuscular  or  Nocturnal 
insects  are  not  attracted  as  a  body,  though  naturally  nearly  all  that 
are  attracted  to  light  are  insects  that  are  active  aftei  daylight 
Only  flying  insects  are  known  to  be  attracted,  but  so  far  as  we  are 
awai<  all  experiments  have  been  made  with  a  light  elevated  above  the 
ground  and  without  means  of  trapping  walking  insects.  A  considerable 
proportion  that  come  are  ground  insects,  such  as  the  Ground  beetles, 
but  the  proportion  is  only  what  one  would  expect  when  one  considers  how 
large  is  this  part  of  the  fauna.  The  principal  families  found  at  white  light 
in  India  are  mentioned  below  but  this  account  is  a  very  incomplete  one. 

Blattida  are  rarely  caught  but  gome  species  have  found  their  way 

to  light  traps.  Of  Acndiida,  Epacrotnia  dorsah'g  is  a  very  notable  ex- ample, coming  abundantly  to  lights  even  into  houses.    A  small  number 
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An  assamblage  of  heterogeneous  familios,  united  in  one  order  rather  for  con- 
venience than  scientific  accuracy.  There  are  two  pairs  of  wings,  with 

many  veins,  both  functionul  in  flight  and  often  of  equal  or  nearly  equal 
size.  The  mouthparts  are  mandibulate,  usually  of  the  predaceous  type. 
The  metamorphosis  is  incomplete  In  a  part,  complete  in  the  remainder, 
the  pupa  usually  active  at  the  emergence  of  the  imago. 

In  a  large  number  the  nymphal  or  larval  life  is  the  only  period  of  long  duration 
and  activity  :  in  the  remainder  the  imaginal  is  as  long  as  the  nymphal 
and  of  equal  importance.  The  order  includes  predaceous  and  scaveng- 

ing, land  and  aquatic  insects.     None  are  parasitic,  and  none  herbivorous. 

The  order  is  here  divided  into  ten  families  :  f{ron])ed  in  series  :— 

\o  Metamorphosis. 

1. — Wingless  and  Semiparasitic. 

Mallophcufa. — On  warm-blooded  animals. 

^Enibiidce.  -  Two  pairs  of  narrow  equal  wings, 
few  veins.     Prothorax  small. 

il. — ^Laud  Insects. 

P»eudutu:uroidera . 

III. — ^Aquatic  Insects. 

HeuropUra 

amphibiotica . 

TermitidtB. — 'J'wo  pairs  of  narrow  equal  wings, 
many     veined.     Prothorax     large.  , 
Social. 

/'«(x;«/cf.--Forewing  larger  than  hindwing, 
with  few  cross  veins.  Protliora.x 
Hmall.     Gregarious. 

IPerlidob. — Hindwiiigs  larger  than  forewings, 
folded.  CoxH!  small,  wide  apart. 
Antenna'  long.  Cerci  in  some  forms. 
Tsffsi  :i-jointed. 

OdmuUa. — ^Antenna"  short.  Two  pairs  of  sub- 
equal  wings,  not  folded  over  ab- 
domen. 

mpkemeridcB. — Antennae  short.  Two  or  three 
cerci.  Hindwings  amalJ  or  absent. 
Wings  held  upwards. 
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A    Metamorphosis. 

(  Siahda;    Sinlnia'. — Antenna-     long,     wings 
I  not  reticulate.     No  cerci. 

I  Kaphidihtfr.  — Prothorax  long.       j 
PuHorpidce. — Head  rostrate. 

I  Hemerohiidrp.  —Antenna    long,   wings   equal, 
much  reticulate,  no  cerci.    Tarsi 

I  o- jointed. IV.—  Mandiblesin  adult.  Mi/rmeJeomna: — Antennsf  knobbed, 
NpKrnpiera  '  short. 
Plamfemua.  Ascalafhinw. — Antennse    knobbed. long. 

Nemofterino'. — Hindwing*  long  and 
very  narrow. 

Mnnfispina: — F  orelogg    agin 
Mantidse. 

Hemerobtinn'.     Antenna-        monili- form. 

ChrifsopincF.--  Ant^-nnae  setiform. 
1  (^otiiopm/f/itKr. — Wings  powdery. 

V. — Xo  Mandibles     in  (Phri/t/nneidfe. — ^Wings  hairy,  an  anal  area  to 
adult.  I  hindwing,    which    is    longer   than 

Neuroptern  j  forewing.      Coxae    long,     contign- 

Trichoptern  '  ous.    Tarsi  ."i-iointed. 

The  relationships  of  these  families  are  obscure,  and  it  is  probably 

useleftK  to  attempt  t-o  derive  them  from  any  common  stock.  The  prol)- 

leni  is  complicated  by  the  number  of  aquatic  families,  which  we  may  take 

to  liave  been  derived  from  terrestrial  air-breathing  forms.  Equally  the 

semi-parasitic  M(illophm/a  are  probably  derived  from  free-living  forms. 

It  is  reasonable  to  accept  present-day  TermiHdfP  as  a  separate  branch, 

derived  possibly  from  forms  which  were  coimected  witli  the  Blattid 

ancestors  :  limhiidw  and  Psocidcp  are  off-shoots  from  some  primitive 
form  of  Neuropteron  possibly  related  to  ForficulidcF.  Ephemeridcp  and 

Odonata  are  derived  from  insects  found  far  back  in  geological  times, 

which  had  probably  a  common  ancestral  race,  which  was  terrestrial : 

the  Perlidae  are  related  to  the  Ephemeridcp  and  probably  are  a  recent 

branch.  Sialidce  and  Panorpidte  may  be  branches  from  one  stock,  in 

which  metamorphosis  was  developed,  and  from  which  came,  far  back, 

the  HemerobiidcB.  Trichoptera  also  remain  and  in  the  absence  of  data, 

it  may  perhaps  be  placed  as  an  offshoot  of  the  ancestral  race  in  which 

njetamorphosis   had    been    developed,    emerging   therefore   from    tlie 
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of  other  Acridiidai  have  the  same  habit.  Conoeephalvs  among  Locus- 
tidae,  as  well  as  Schizodactylus  and  a  few  green  species,  are  found  at  light. 
Of  GrylHdoe,  the  burrowing  mole  crickets,  Brarhytrtfpeis,  Gryllm,  Nemo- 
him  and  other  Gryllinm,  are  attracted  ;  the  little  TridactyKncB  come 
in  hordes  to  lamps  and  are  extraordinarily  abundant  at  some  seasons 
even  at  a  feeble  railway  station  lamp.  EmbiidK,  winged  termites  and 
Myrmeleonids  (some  readily  ;  Phryganeids  are  conspicuous  by  their  pre- 

sence, as  are  Ephemerids.  Mantispides,  Ascalaphdes  and  Chri/sopidcs. 
Nearly  all  Hymenoptera  are  diurnal,  but  the  flying  ants  are  often  cauglit 
in  very  large  numbers  at  light  traps  and  some  few  Parasitica.  Of  Coleop- 
tera  the  nocturnal  Scarabrnds,  principally  Mehlonthidn  and  Dynastidn 

with  some  of  the  (^oprids  (Geoirupids)  are  attracted,  as  are  the  Cnrahda- 
(especially  Scaritideg),  Paussidce,  Cantharidce,  some  Malacodermids  and 
an  occasional  weevil  (Aaemus). 

Moths  come  freely  <'»pecially  the  Noctiiids  and  Pyriilids.  with  some 
SphitKjids  but  not  every  species  is  attracted  and  the  fact  has  to  be 
ascertained  for  each  species.  Cydnincp  are  the  only  Pentatomids  known  to 
me  to  be  freely  attracted  to  light  and  this  is  possibly  due  to  their  habits : 
the  Ganges  terry  steamers  are  sometimes  swarming  with  Stibampus.  and. 

as  all  know,  the  "(luiidi"  (Vydnus)  is  only  too  fond  of  coming  to  the  lanij) 
at  dinner  time.  Nezarn  turtduln.  Linn.,  is  exceptional  as  being  attract- 

ed to  light,  and  there  are  others.  Aquatic  Rhynchotn  are  not  unconunon 
at  light  and  the  little  Corixa  hieroglyph ica  is  occasionally  very  abundant, 

('tforfirfs  are  caught  at  light  occasionally,  the  giant  water  bug  (Behstoma) 
constantly. 

Of  the  Fulgorida',  the  small  Delphnvinw  conu'  in  swarms,  as  do  the 
JasnidcF  ;  1  am  not  aware  of  other  Homoptera  though  there  are  very  like- 

ly others,  and  I  am  not  a<'(iuainted  with  any  Diptera,  except  Chirono- 
midee  and  Psychodidcp.  The  reader  caji  see  from  the  above  how 
di verse ai-e  the  insects  that  are  attracted  and  what  a  curious  selection  of 

the  nocturnal  insects  it  is  ;  whether  there  is  a  7eal  physiological  explajia- 

tion,  whether  some  are  more  curious  than  others,  or  whether  some  have 

more  leisure  to  investigate  strange  phenomena,  we  must  leave  to  others 
to  decide. 

The  use  of  lights  and  light  traps  has  been  a  favourite  method  with 

agriculturists  in  dealing  with  certain  classes  of  pests,  but  it  is  a  method 

of  very  uncertain  value  and  it  is  not  a  method  generally  useful  :  it  is 

essential  to  be  certain  that  the  pest  to  be  captured  does  really  come  to 

light  freely  and  this  is  a  point  usually  neglected. 
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terrestrial  ancestor  of  the  Phnipennia.  Quite  posBibly  tluH  braiuli 
leads  on  from  an  ancestor  of  the  present  Trichoptera  to  theLepidoptera, 
the  ancestor  of  Micropteryx  and  of  Trichoptera  being  the  same  and  thus 
jjiving  the  point  of  contact. 

Mallophaga. — Biting  Lice. 

Snuill  iritigless  insects,  tiearli/  all  parasitic  on  birds.     They  have  biting 
mouthparts  and  the  body  is  flattened,  the  fiead 

often  large  and  broad. 

The  Mallophaga  or  Bird-lice  are  sometimes  confused  with  the  Pedi- 

ruUdcB  (Head-lice  and  body-lice).  Although  both  are  parasitic  on  warm- 
blooded animals  and  have  somewhat  the  same  appearance,  they  are 

cjuite  distinct,  the  Pedieulidce  being  sucking  insects,  allied  to  Hemiptera, 

while  the  Mallophaga  have  well-developed  biting  mouthparts  and  never 
suck,  living  on  the  dry  skin,  scurf,  and  feathers  of  their  hosts.  Their 

relationship  to  other  insects  is  doubtful,  and  Kellogg,  who  has  mono- 
graphed the  group  (Genera  Insectorum  Fasc.  (ifi)  reckons  them  as  a 

distinct  Order.  Mallophaga  spend  their  whole  life  on  the  host,  and  soon 
die  when  removed  or  when  the  body  of  the  host  becomes  cold  in  death. 
Observations  on  their  life-histories  are  for  this  reason  difficult,  and  little 

is  knoMm  except  that  the  metamorphosis  is  incomplete.  Kellogg  puts 

the  known  species  at  over  a  thousand,  and  a  large  number  of  these  are 
restricted  to  one  definite  species  of  bird  ;  others  are  found  on  several 

difTerent  birds,  but  usually  these  birds  either  are  accustomed  to  associate 
one  with  another  in  flocks,  or  belong  to  closely  related  species,  though 

these  related  species  may  occur  only  in  widely  separated  parts  of  the 
world. 

Kellogg  explains  this  curious  fact  by  reference  to  the  sedentary 
mode  of  life  of  the  insects,  which  prevents  their  spreading  from  bird  to 

bird  except  by  actual  contact.  He  supposes  that  the  species  of  MaUo- 
phaga  have  remained  unchanged  sincfe  the  remote  periods  when  many 
different  species  of  birds,  (now  settled  in  different  parts  of  the  globe  and 

separated  from  their  near  relations,)  had  not  yet  diverged  or  evolved 
from  their  common  ancestral  species.  Those  ancient  bird-lice  which 

infested  the  ancestral  bird  continued  to  infest  the  ancestral  bird's  des- 
cendants: even  though  these  descendants  in  time  diverged  into  several 
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43— COLPOl'BPHAI,!  M 
(•UIKAENMh 

{After  KullopDi). 

distinct  species,  the  conditions  of  life  remained 

80  mudi  like  what  they  had  always  been  that 

the  bird-lice  have  to  this  day  retained  the 

same  specific  characters  which  thev  possessed 
in  those  far-off  times. 

A  few  Mallophaga  (about  .50  known 

species)  are  found  on  Mammals,  and  they  are 

distinguished  from  the  bird-infesting  species 

by  having  single-clawed  feet ;  the  species  on 
birds  have  two  daws.  The  mammalian  hosts 

include  most  of  tJie  domestic  animals,  as  well 

as  others  of  very  various  kinds.  Kellogg's 
classification  into  families  is  as  follows: — 1 

have  included  tlic  names  of  the  principal 

genera  in  each  family. 

Antenna'  visible,  'S  or  o-Hegmented ;  no  maxillary  palpi;  mandibles 
vertical ;    nieso-  and    meta-thorax    usuallv  fused.    Sub-order 
Ischnocera. 

AnteniKc    .'{-'■cgmeiited  ;  tarsi  with  i  claw :  infesting   mam- 
mals.    Family  Tricliodeckd(P.    (Jenus  Trichodectes  45  sp 

Antenna'  ."). segmented  ;    tarsi  with  2  claws  •   infesting  birds. 
Family  PhilopteridfP.    Chief  genera  Dorophorm  2lo  sj). 

Nirmus  '22H  sp.     LipeMrus  181  sp. 
Antennte  concealed  4-segmented;  with  4-jointed  maxillary  palpi; 

mandibles  horizontal ;  meso-meta -thoracic  suture  usually  visible. 

Sub-order  Ambli/cera. 

Tarsi  with  I  claw ;    infesting    mammals.    Family   Gi/ropidcp. 

(tciius  Gj/ropm  7  sp. 

Tarsi  with  2  claws ;  practically  all  infesting  birds.    Family 

Liotheid(F.    Chief  genera  Colpocephahtm,  Menopon  21J  sp. 

Kellogg's    list  does  not  record  any  species  as  coming  from  India. 

(Perhaps  TWfAorfprtes  t»/r/s,  taken  from  a  tiger  is  fro
m  this  country.) 

If,  however,  one  takes  the  trouble  to  examine  a  few  birds,
  especially  at 

the  roots  of  the  feathers  about  the  neck  and  base  of  the  wings,  it 
 will  not 

be  long   before  these  insects  are  discovered,  and  ev
idently  there  must 

be  a  large  number  of  Indian  species.    Those  named  by  K
ellogg  as  having 
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been  obtained  from  birdi^  belonging  to  specieH  which  occur  in  India  are 

fourteen  in  number,  and  belong  to  the  nine  genera  Docophorus,  Nirmm. 

Goniocotes,  Akidoproctiw.  Goniodeg,  Ornithobivs.  Lipetirvs,  Coljtocepha- 

him,  Menopon  and  Tritwtum. 

Fig.  44  shows  the  egg,  a  young  stage,  and  the  adult  of  the  louse  of 

one  of  the  big  Indian  buzzards  (Pemis  cristatv^),  and  indicates  how 

Fig.  44_Bo<i.  nym™  and  AinhT  OF  A  BI•^^G  louse  om  an  Indian  Brzi!ARi> 
^PEKNIS    <'R1STATI7(»).      MAGNIFIUn. 

slight  is  the  difierenee  between  the  young  and  the  full-grown  parasite. 

The  eggs  are  found  firmly  attached  to  the  feathers  of  the  bird.  Fowls 

or  other  domesticated  birds,  if  infested  with  lice,  can  be  rid  of  them  by 

carefully  brushing  any  non-irritant  vegetable  oil  (not  paraffin  orcnide 

oil)  on  the  skin  and  about  the  roots  of  the  feathers.  The  oil  stops  up 

tha  breathing-spiracles  and  suffocates  the  insects.  This  treatment  is 

also  effective  for  clearing  fowls  or  other  animals  of  ticks.     (F.  M.  H.) 

EilBIIDJK. 

Narroir  delicate  insects,  the  prothorax  small,  the  wingt, 

when  present,  with  feu<  veins. 

These  little  insects  have  an  extremely  characteristic  appearance 

due  to  the  elongate  body,  the  short  legs,  Ahe  small  abdominal  cerci,  and 

(in  the  males)  especially  the  narrow,  usually  dark  coloured,  wings. 

They  are  black  or  dull-coloured,  small  and  very  delicate.  The  antennee 

are  well  developed,  the  mouthparts  are  of  the  biting  type ;  the  prothorax 

is  small,  the  tarsi  three-jmnted,  and  there  is,  in  the  male,  an  asymmetry 

of  the  cerci.     The  insects  are  suggestive   of  a   primitive    condition, 



EMBIID^:.  lis 

especially  in  the  thorax,  the  wings  attached  to  segments   that  are  in  no 

way  fused  or  adapted  to  the  purposes  of  flight. 

Very  little  is  known  of  such  fragile  insects.  The  males  are  common 

at  lights  and  are  often  found  in  houses.  In  the  field,  they  are  found 

on  the  surface  of  the  ground,  usually  under  stones  or  in  some  damp 

sheltered  locality.  They  have  been  seen  to  prepare  webs  from  threads 

which  are  produced  by  gland?  in  the  forefeet.  This  is  a  remarkable 

circumstance  and  very  different  from  the  methods  of  silk  production 

general  in  the  insect  world. 

The  nature  of  the  food  is  unknown,  but  as  the  insects  are  rare  and 

very  few,  they  are  not  n{  economic  importance,  and  while  of  interest 
to  the  naturalist,  are  not  likely  to  be  found  except  at  a  lamp  indoors 

by  any  but  a  skilled  observer  in  the  field. 

One  species  (OUgotoma  michaeli  Macl.)  has  been  found  in  London 

and  is  believed  to  have  been  imported  with  orchids  from  India. 

Another  species  (O.  saundersi,  Westw.)  (fig.  45)  is  described  from 

Bengal  (Trans.  Linn.  See,  XVI 1,  337). 

Fijji  4.")— OUdOTOMA  SAl'NDERRI. 
(After  Wmtmiod.) 

Ill 
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J.  Wood-Mason  in  1883  (Proc.  Zool.  Hoc,  1883,  p.  328)  described 

and  figured  Indian  Embiides  and  recounts  the  capture  of  nymphs  and 

females.  The  female  he  describes  as  wingless,  shining  black  and  more 

firmly  chitinized  than  are  the  males.  Males,  as  he  remarks,  are  common 

at  light,  Oligotoma  saundersi.  Westw.,  being  the  common  species.  The 

nymphs  he  found  gregarious  under  bricks  and  he  figures  the  asymme- 
tric male  appendages. 

We  have  found  colonies  of  these  delicate  little  insects  in  the  shelter 

of  the  long  dry    culm-sheaths  of  the  Giant   Bamboo  {Bamhusa   nrvn- 

_  dinncen),     as    also     under 
bricks  on  the  soil  and  in 

decaying  leaves.  They  live 
in  tubes  of  fine  white  silken 

material,  which  ramify  over 

the  sheath  ;  we  were  unable 

to  find  any  except  where 

the  sheath  had  been  exten- 

sively bored  by  a  minute 

ScolytJd  and  in  captivity 

they  refused  Ut  make  tubes 

or  to  remain  alive  except 

ou  such  sheaths :  whether 

they  fed  on  the  dust  pro- 

duced by  the  Scolytid  or 

on  some  other  material  could  not  be  ascertained  :  the  tjuite  small 

insectb  are  white,  and  very  active,  running  (jiiickly  along  tin- 
tuimels  and  with  equal  facility  backwards  or  forwards  ;  on  seeing 

tliem  scurrying  backwards  along  the  tube  one  is  led  to  think  tliai 

the  anal  cerci  serve  as  the  antennsp  do  when  the  insect  is  runnmg 

foi wards.  The  half-grown  nymph  has  a  reddish  head,  the  body 

whitish  and  soft.  The  student  should  consult  Hageu's  monograph 
of  the  group  published  m  the  Canadian  Entomologist,  Vol.  XVJll 

(1885),  wherein  17  species  are  disciiEsed.  Embia  Brahmina,  Hss., 

was  described  in  189(5  from  Bombay  (Mt.  Schweiz.  Ent.  Ges.,  IX, 

p.  352),  and  E.  Latreilki,  Ramb.,  in  1842  from  Bombay,  Mauritius  and 

Madagascar  (Neiiropteres ,  p,  31?). 

Kljr.    W-<M.ItlOT<>MA   MAI  MiKKhl,    MALK    ILBKTV 

t)l,I«10T0MA  M".,   FKMALK  (IIII.HT).       -    4. 
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Tkrmitiu^. — Termites. 

Four  large  wings,  in  repose  lying  flat  on  the  dorsum ;  three  free 
thoracic  segments.    Anal  cerci  are  present.    Social,  with 

marked  polymorphism  of  aservaJ  individuals. 

These  little  insects  are  familiar  chiefly  from  their  dcpredatious  and 
are  practically  never  seen  except  in  the  winged  form,  unless  looked  for. 

Thoy  are  clearly  distinct  from  all  other  Neuroptera 

by  their  habits,  and  from  social  Hymenopfera 
by  their  structure.  The  anteimnp  are  short 
and  straight.  The  segments  of  the  thorax  are 

distinct,  the  abdomen  moderately  large  with  a 
pair  of  cerci.  The  legs  are  formed  for  running, 

the  mouthparts  for  biting.  The  colour  of  nearly 
all  is  the  dull  white  of  insects  which  live  always 

in  concealment,  and  the  integument  is  corres- 
pondingly soft ;  only  in  those  winged  individuals 

which  emerge  to  the  air  is  the  skin  hardened 

and  the  usual  colour  of  such  insects  is  a  deep 
chestnut  brown. 

I'lg.  47— Tkrmks  obesus, 
WtNflKD  FOBM.      X  2. 

The  most  striking  feature  of  the  termites  is 

the  great  development  of  the  social  system. 

The  nest  is  peopled  and  managed  by  the  tiny  workers,  small  insects, 

sexually  immature,  which  are  active  and  do  the  necessary  work  of 

the  nest;  there  are  also  a  number  of  similarly  sexless  indivi- 

duals, usually  with  larger  heads  and  more  prominent  jaws,  whose 

function  apparently  is  the  defence  of  the  nest  and  the  overseeing 

of  the  work  of  the  nest  carried  on  by  the  workers.  As  neither  of  these 

castes  can  usually  reproduce,  a  limited  number  of  sexual  individuals 

are  maintained,  namely  a  wingless  mature  and  fertilised  queen,  a 

wingless  mature  male,  reserve  immature  queens  and  males.  These 

suffice  for  the  peopling  of  the  nest  and  the  establishment  of  new  nests 

is  provided  for  by  the  production  of  large  numbers  of  winged  males  and 

females  at  a  special  season  of  the  year. 
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The  conduct  of  tlie  nest  apparently  rests  with  the  workers,  who 

teed  the  whole  coinniunity  and  who  regulate  the  supply  of  each  class  of 

Fig.  4H— TkKMOI'MS    «ROrCiHTONI   male   iNK  SOI.DIEK  ;    X    !l. 
iFioni  Vmiieiu.) 

individuals.  The  queen  is  a  helpless  individual,  whose  sole  function  is 

the  production  of  eggs :  she  lives  in  the  nest  and  is  usually  an  immensely 

developed  creature  with  great  egg-producing  capacities ;  to  provide 
for  fertilised  eggs  a  male  is  kept.  In  reserve  are  immature  males  and 

females  which  can  be  brought  on  when  desired.  The  perplexing  problem 

is  how  BO  many  individuals  are  produced  from  one  kind  of  egg.  We  meet 

with  the  same  problem  in  ants  and  bees,  and  undoubtedly  there  is  signi- 

ficance in  the  fact  that  in  both  cases  the  food  is  "artificial,"  it  is  food 
pre]>aTed  by  the  workers  and  whose  composition  can  be  varied  ;  probably 

they  administer  different  kinds  of  food  to  the  larva?  according  as  they 

want  a  particular  kind  of  individual.'  The  food  of  the  whole  nest  con- 
sists of  vegetable  fibre,  chewed  up  by  the  workers  and  partially  digested ; 

in  one  species  it  is  stated  to  be  regurgitated  from  the  anterior  part  of  the 

alimentary  canal  or  excreted  from  the  posterior  part  and  is  apparently 

in  both  oases  used  for  food,  which  probably  has  verj'  different  degrees 
of  nutritive  value. 
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It  i»  a  most  striking  thing  to  consider  tliat  tlic  control  of  tlic  wIuiIp 

system  of  development  is  in  the  hands  of  the  lowest  of  all,  the  workers, 

and  to  the  philosopher,   the  social  system  com- 

pares  favourably   with  the  pitch  of  development 

reached  by  the  hnman   race.     New  nests  are  ])ro- 

vided    for    very    simply.      At    certain     seasons, 

immense    numbers  of  winged    males  and  females 

emerge.     They  are  clumsy  insects,  and  fly  badly. 

They  rise  in  a  cloud  and  are  at  once  attacked  by 
innumerable    birds     and    enemies.      Those    that 

escape  shed  their  wings  at  the  suture  and  cou])le. 

They  then  get  into  shelter  and  start  a  new  nest  if 

possible  ;  the    female    lays  eggs,    the  eggs  hatch 

to  workers  and    the    new    nest  starls.     In    ,s])ite 

of    the    immense    mimbers    produced,  few  such 

females  escape  to  found    nests.     The    emeri^ence 

of  these  sexual  winged  individuals  is    constantly 

observed  during  the  rainy  montlis.  and  appears 

to  occur  after  heavy  rain  when  the   air   's    st'U. 

A  small  opening  is  made  in    the   surfa(  e   of  tlie 

soil  and  immense  numbeis  oi   the  winged   ijisects 

pour  (nit,  crowding  one  after  the  other.     As  they 

emerge  they  attempt  to  fly  and  flutter  ujjwards  in  a  c!(>ud,  a  ])henome- 

iion  very   (fuickly  observed  and  one    which  attract**  tJie    attention    of 

birds.    Many    cannot  fly  on  emergence  but  run  on  the  soil    first  and 

these  are  the  prey  of  ants  which   at  once  carry  them  off  living.    The 

])henomenon  strikes  one  as  curiously   interesting,   the   immense  num- 

ber of  individuals  pouring  out,  their  feeble  upward  flight  into  the  air 

where  they  become  the  food  of  birds,  tlie  hasty  death  of  those  that  do  not 

at  once  fly,  cariied  of!  living  to  the  nests  of  ants  and  thei'e  devoured ; 

there  is  an  inmiense  waste  of  life,  and  the  appearance  of  these  winged 

termites  is  tlie  signal  for  so  great  a  gathering  of  ants  and  birdi-  that  one 

imagines  it  to  be  a  well-known  thing  for  which  they  are  on  the  look-out 

at  this  season.    Very  few  have  a  chance  of  surviving  and  even  those  
which 

shed  their  wings  do  not  escape,  being  the  more  readily  carried  of!  by  ants. 

The  nest  is  a  moat  remarkable  structure,  consisting  of  
numberleps 

chambers  and  galleries,  the  walls  of  a  moderately  hard  
substance  which 

Ki{>.  4!)--TKltMEs 
OBESCS,  IJUEEN. 
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\a  apparently  a  product  derived  from  the  chewed  fibre  the  workerH  bring 
in.  Theae  nesta  are  often  two  and  three  feet  in  diameter.  The  situation 

o{  the  nest  varies  with  the  species;  the  nests  of  some  Indian  species  are 

deep  in  tlie  soil,  ol  others  near  ot  at  the  surlace  or  in  banks.  Apparently 

this  varies  with  the  nature  of  the  soil,  the  same  species  building  its  nest 

at  different  depths  in  different  localities. 

The  student  should  consult  Fetch's  paper  on  the  fungi  of  certain 

termite  nests  in  Ceylon  (Ami.  Roy.  Bot.  (Jardeji,  Peradeniya  111,  p. 

185,  IIKM)).    Though  dealing  with  species  not  occurring  in  our  fauna, 

the  account  of  the  fungi  is  of  special  interest.    The  '  'small  whit* ,  Ntalked 

or  almost  sessile  spheres"  observed  by  him  on  the  spongy  masses  are 

probably  similar  to  tliose  observed  in  the  nests  of  Termcs  obesus  in  India. 

The  origin  and  natuie  of  these  spheres  or  theii  connection  with  other 

fungus  forms  connected  with  the  nests  is  not  clear.    The  author  staten 

that  the  spongy  masses  are  w/io'Jy  fonned  of  the  excrement  of  the  work- 

erf-  ;  that  this  material  is  probably  sterilised  by  its  passage  through  the 

alimentary  canal,  and  that  not  oniy  are  special  fungi   cultivated  on  it 

but  that  other  fungi,  not   desired   by   the   termites,  grow  which   are 

weeded  by  the  workers  ;  when  a  nest  is  abandoned  these  'weeds'  grow 
unchecked.    He  also  states  that  it  is  probable  but  not  ])roved  that 

these  white  spheres  form  the  food  of   the  termites,  and  that  it  is  not 

clear  if  a  difference  of  food  cause.'-  the  differentiation   of  the  forms 

seen  in  a   termite's  nest.    The   hills  are   fonned  wholly  bi  material 
removed  from  the  nest  in  excavating  and  covered  with  saliva,  which 

the  workers  take  out  of  the  nest  and  build  up  into  masses  ;  there  is 

no  defimte  object  in  these  chimneys  which  would  probably  blow  away 
were  the  material  not  covered  with  saliva  and  of  such  a  nature  as  to 

compact  firmly. 

Termites  are  extremely  destructive  in  houses,  owing  to  their  fond- 

ness for  woody  matter.  On  obtaining  entry  to  a  house,  they  will 
destroy  wooden  beams  and  rafters,  door  frames,  window  framefc  and 
other  wooden  portions,  without  such  a  fact  being  at  all  evident 
at  first.  Having  obtained  access  to  wood  at  the  soil  or  having 
taken  a  tunnel  up  to  it,  they  work  wholly  within  ani  remove  the 
woody  fibre.  No  estimate  is  possible  of  the  amount  of  damage  thus 
caused  in   India,   and  the   prevalence   of   torniites   varies  immensely 
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from  place  to  place,     it  is  on  record  that  in    IKj-1   (xoverimient  House, 
Calcutta,  was  Herio\iHly  attacked  and   there  seems   no  reason  why  any 
building  in  whieVi  wood  was  nsed  sliould  not  be  destroyed  in  time 
Termite  communities  are  bo  immens"  and  their  industry    so  great  that 
their    combined    efforts  are    very   effective.     In    other    parts  of    the 
world,  eatable  objects  are  said  to  disappear  in  a  night ;  the  only  paral- 

lel case  of  recent  occurrence  in  India  that  can  be  quoted  is  a  ]'ri8on  in 

Henjral,  in  which  the  beddiiif;  of  the  prisoners  was  destroyed  in  the  night 
wliile  the  prisoners  were  sleeping  on  it.     Their  efforts  are  not  confined 

to  dead  vegetables    tissue,   but  they  are   particularly    destructive  to 

wheat,  to  sunflower,  groundnut  and  sugarcane.    These  little  insects 

excrete   an    acid  Iicpiid  capable  of  attacking   metal   and  it  has  been 

found  that  where  their  galleries  cross  metal,  the  metal  coiTodes. 

In  reviewing  the  Termites  in  Genera  Inseeforum,  Desnciix  regards 

them  as  distinct  from  all  families  of  Nenroptera  and  as  an  offshoot  of  a 

simpler  form  of  Blattidw.    According  to  this  view,  the  family  sliould 

follow  the  Hhttidce,  but  owing  to  their  degree  of  specia/jsation  he  regardH 

them  as  a  8ei)aratc  order  under  the  term  Isoptera.     This  is  j-Ohs'bJy  a 
correct  view,  and  it  is  undoubtedly  misleadinu;.  if  convenient,  to  group 

Termites  and  the  other  miscellaneous  families  in  NemopUru ;  the  time 

has  as  yet  hardly  come  to  separate  Neuroptera  into  orders  as  liomogen- 
ous  and  natural  as  t)thers,  and  we  have  preferred  to  keep  them  as  a 

family,  the  order  Neuroptera  being  regarded  as  a  convenient  group  of 

miscellaneous  insects  whose  position  is  not  (piite  clear,  ]ust  as  the  large 

series  Polijmorpha  includes  many  very  diveise  families  of  Coleoptera. 

There  are  nearly  400  species  listed  by  Desncux,  of  which  1 5  arc 

recorded  from  India  exclusive  of  Ceylon. 

The  following  species  are  known  from  India  :— 

yVrmopsw  MW'^/'towi,  Desn.,  is  from  Kashmir  (Jo.  Ho.  Nat.  Hi
st. 

Soc,  1904,  p.  445,  11)0(5,  p.  293).  The  only  known  Himalay
an  termit(> 

(fig.  48). 

Termes  (Leucotermes)  indicola,  Wasm.,  from 
 "India." 

Ternies  (Arrhinotermes)  Heimi,  Wasm.,  from  "In
dia." 

Termes  (Coptotermes)  (jestroi,  Wasm.,  from  Hurma.  and  Malaysia. 

Termes  brunneiis,  Hagen.,  from  Bengal. 
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Minn  and  subsidiai)  fungu's  ch.imberK,  simwii  from  below  and  truiD  llie 
side.     Reduced  three  timeH 
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Tertnes  fatcdis,  Kon.,  from  Ceylon  and  India. 
Termes  fece,  Wasm.,  from  Burmah. 

Termes  Horni,  Wasm.,  from  India  and  Ceylon. 

Termes  obesus,  Ramb.,  from  "India"  (figs.  47  &  49). 
Termes  taprobanes,  Wlk.,  from  India  and  Ceylon. 

Termes  ferruginosus,  Latr.,  from  "India." 
Termes  (Eutermes)  Assmvthi,  Wasm.,  from  "India." 

Termes  (Eutermes)  cyclops,  Wasm.,  from  "India." 
Termes  (Eutermes)  Heimi,  Waam.,  from  "India." 

Tertnes  (Eutermes)  longicornis,  Wasm.,  from  "India  and  Ceylon." 
Termes  (Eutermes)  quadriceps,  Wasm.,  from  "India." 
Termes  (Eutermes)  xenotermitis.  Wasm.,  from  "Burmah." 

In  a  recent  paper,  Desneux  has  described  a  further  number  of  In- 
dian species  from  Sind  (Ann.  Soc.  Ent.  Belg.  XLIX,  1905,  p.  343). 

These  were  found  by  T.  R.  Bell  who  adds  notes  of  the  habits. 

Hodotermes  macrocephalus,  Desn.,  is  described  as  the  common  termite  of 

Sind,  building  underground  nests  and  cutting  pieces  of  grass  stems 
and  Heliotropum  which  it  stored  in  the  nest.  Termes  tiiycophagus , 

Desn.,  is  described  as  a  fungua-growing  species,  filling  chambers 
underground  with  masses  of  soft  yellow  globules,  on  which  it  is 
supposed  fungi  grow.  Termes  Belli,  Dean.,  was  found  nesting  in  the 
same  spot  as  the  Hodotermes  above.  Termes  Sindensis,  Dean.,  was  also 
found  in  Sind. 

The  termite  of  the  plains  of  India  is  Termes  obesus  Ramb.,  speci- 
mens having  been  obtained  from  widely  scattered  placea  in  India.  This 

species  nests  either  deep  in  the  ground,  or  near  the  surface,  depending 

probably  upon  the  nature  of  the  soil,  but  this  is  not  certain.  Nests  have 

been  found  and  examined,  as  also  have  the  small  outlying  fungus  cham- 

bej-a  that  they  make.  In  some  parts  of  India  the  nests  begin  near  the 
sur&ce  of  the  soil  and  stretch  upwards  in  the  form  of  conical  mounds; 
in  other  places  they  are  at  the  surface  but  not  above  it ;  elsewhere  they 

are  deep  in  the  soil.  This  termite  never  shows  above  ground  unless  in  a 

tunnel  or  gallery :  the  insects  are  seen  only  when  they  emerge  in  the 
winged  state ;  their  tunnels  were  found  in  Pusa  1 1  feet  below  the  soil 

level  and  were  occupied  by  workers.  Where  they  tunnel  so  deeply  nests 

are  never  found;  small  fungus  chambers  have  been  found  but  no  nestfi; 
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and  though  the  insects  appear  for  instance  in  every  part  of  the  Pusa  es- 

tate (1,300  acres),  no  nest  can  be  found;  excavations  made  at  the  spot 

whence  the  winged  forms  emerged  in  a  great  swarm  revealed  nothing. 

Usually  the  queen  is  found  in  a  cell  deep  in  the  nest,  with  fungus  cham- 
bers round;  her  eggs  are  found  in  masses  in  cells  in  the  fungus  bodies, 

small  soft  white  eggs  from  which  the  tiny  white  nymph  hatches. 

The  fungus  bodies  are  found,  flattened  and  concave  below  rest- 

ing on  the  floors  of  the  cells  in  the  soil  but  not  touching  the  walls  or  the 

roof;  they  are  sponge-like,  with  ramifying  cavities  on  the  walls  of 
which  the  fungus  fruits  grow  in  the  shape  of  small  round  white  knobs. 

(Plate  VIII.) 

The  forms  this  termite  takes  are  shown  in  the  figures.  We  believe 

this  to  be  the  termite  responsible  for  all  the  damage  done  to  crops,  trees 

and  buildings  in  India,  and  it  is  to  be  hoped  that  a  really  thorough  in- 
vestigation may  some  day  be  made  into  its  economy  and  habits. 

For  a  list  of  insects  found  in  its  nests  see  below  under  Myrme- 
cophilous  Insects  (after  Paussidee). 

Psoc'ii).'!';. — Book  Lice. 

Soft  insects,  of   sfiiall  size,  with  tiro  pairs  of  winys,   the  hind  pair 

smaller  ;  prothorax  very  small,  except  in  the  ivinrjless 
forms.    Tarsi  of  two  or  three  joints. 

The  Psocids  are  a  small  group  of  mconspicuous  insects,  easily  recog- 

nised by  their  general  a})pearance  and  most  similar  to  the  smaller  forms 

Fir.  .to— KotBEA  holaa. 
[After  Enderlem.) 

of  Termites.    The  colouring  is  generally  dull,  the  wings  occasionally 

banded  and  the  body  bright.    The  smaller  forms  are  all  less  than  one
- 
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HimalayaH,  the  remaining  species  are  local.    Scarcely  anything   can  he 
said  to  be  known  of  the  family  in  India,  their  minute  size  and  extreme 
delicacy  being  unfavourable  to  collection  and  preservation. 

The  recorded  species  are  : — 

Psocus  lomjicornis—  F. 

Psocus  nebulosus. — St. 

Psocus  taprobanes.—H&g.  var.  hemjalctuis.    K()lb<-. 
Psocus  cinereus. — Enderl. 

Coposti(/ma  indicum. — Enderl. 

(^(eciliiis  himalayan us. — Enderl. 
Amphipsocus  pilosus. — Mad. 
Eciopsocus  denudnlus.-  Enderl. 

Myopsocus  fraternus.—  Hagen. 

Perientomnm  morosum. — Hagen. 

Lepium  chrysochhrum  A'wrf.— (Spol.  Zeyl.  1!)0(),  j).  *<J). 
None  are  of  the  smallest  economic  importance  though  the  insect 

eating  one  (Atropos  sp.)  is  a  great  nuisance  in  the  rains  when  specimens 

cannot  be  kept  dry.  The  study  of  these  insects,  e8j)ecially  in  the  mo.'ster 
parts  of  India,  would  very  greatly  increase  our  knowledge  of  the  group 

and  yield  valuable  results  frcmi  the  biological,  as  from  the  systematic 

aspect. 

QBEai^BIOUSNESS 

If  we  exclude  the  purely  social  insects,  m  which  for  the  good  of  the 
community  there  is  a  well  marked  division  of  labour  accompanied  by 
polymorphism,  we  find  that  the  great  mass  of  insects  are,  as  far  ai  we 
know,  wholly  solitary.  Consider  the  commonest  insects  there  are  about 
us,  and  watch  their  ways  ;  all  live  for  themselves  individually  ajid  appear 
to  take  no  notice  of  each  other,  except  when  impelled  by  the  mating 

instinct.  It  is  perhaps  safe  to  say  "  apparently  "  because  for  all  we 
know  there  may  be  modes  of  inter-communication  not  revealed  by 
external  movements,  as  there  must  be  certainly  in  some  species  of  ants. 
There  are,  however,  a  small  number  of  insects  constantly  gregarious,  as 

apart  from  "  Social '"  and  it  is  these  forms  we  propose  now  to  mention. 
The  student  will  think  of  insects  that  migrate  but  these  are  gregarious 

only  when  this  migrating  instinct  overtakes  them  nnd  at  other  times  are 
wholly  solitary. 
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Perhaps  tlii'  comnudiest  inHtance  of  truly  gregarious  iusects  are  the 
free-hving  Psocidce  which  iive  under  a  common  wob  in  little  colonies  on 
the  leaves  and  bark  of  trees  and  other  plants.  Possibly  the  common 
link  is  the  shelter  that  the  web  provides,  possibly  there  is  some  faint 
approximation  to  the  truly  social  fondition.  Another  instance  are  the 
Emhiiiw.  One  finds  numbers  of  these  delicate  insects  together  using 
the  same  silken  runs  and  living  in  a  little  colony  together.  It  is  doubt- 

ful if  they  ever  live  in  any  other  way  but  why  they  should  do  so  is  not 
dear  ;  the  reason  that  suggests  itself  is  that  there  are  few  spots  suitable 
to  them  and  that  here  they  naturally  gather  and  make  common  runs 
and  shelters.  A  better  and  more  striking  instance  is  the  Pyrrhocorid 
bug  Iphita  hmhata  ;  great  numbers  of  this  bug  cluster  together  on  one 
spot  on  a  tree  trunk,  and  that  they  remain  there  is  shown  by  the  heap 
of  exuviae  below  the  spot.  Why  they  do  so  is  not  at  all  clear  ;  their  ally 
the  Red  Cotton  Bug  (Dysdemts  cmgulatus)  ajjpears  to  have  the  same 
habit,  but  this  is  clearly  a  case  of  food  or  of  enhancing  their  warning 
colour  and  they  cluster  on  the  seeds  or  pods  to  feed  or  sleep  only.  The 
Coreid  Corizun  ruhicunduii,Wostd.,  lives  till  mature  in  clusters  which  look 

like  vivid  red  flowers.  Some  moth  caterpillais  and  a  few  Pierid  cater- 
pillars are  gregarious,  hatching  from  eggs  laid  in  dusters  and  remaining 

together  for  a  longer  or  shorter  time.  Some  remain  in  webbed  leaves 
till  they  pupate  ;  others  for  a  short  time  only  and  in  these  cases,  which 
are  fairly  numerous,  the  web  made  as  a  shelter  is  often  the  reason.  Thus 
Caradrina  exujua  larvir  lemain  together  for  a  few  days  in  the  webbed 
leaves  as  dc  the  larvse  of  Diacrisia  obliqua  and  many  other  Nwiuids  and 
Arctiidm.  An  interesting  gregarious  insect  is  the  common  Machilis  found 
on  rocks  and  under  leaves  ;  it  is  apparently  always  gregarious.  Young 

Pentatomids  are  often  gregan'ous  for  the  first  two  or  three  instars,  and  the 
persistent  way  in  which  some  remain  together  when  newly  hatched  out 
shows  that  it  is  instinctive.  Cockroaches  are  gregarious  also  and 
apparently  often  prefer  being  in  company  to  being  alone.  Gyrinidcp  are 
distinctly  and  markedly  gregarious  and  apparently  take  delight  in  their 
combined  evolutions  on  the  surface  of  still  water.  Opatrum  among 
Tenebrionids  is  gregarious  in  the  sense  that  the  beetles  like  to  crowd 
together  in  groups  and  clusters  instead  of  remaining  solitary.  Haltica 
cyanea,  Web.,  is  another  beetle  that  lives  and  feeds  in  company^ 
though  such  instances  are  very  rare. 

Perlid*.— *Stowe  flies. 

Delicate  insectis,  with  the  hind  iriw/s  large  and  folded  beneath  the 

forewings.    Legs  widely  separated,  with  small  coxce. 

Larva  aquatic. 

These  typically  Neuropterous  insects  are  distinguished  from  other 

allied  groups  by  the  above  characters,  by   the  long  antennae,  and  the 
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fifth  of  an  incli  long,  the  largest  never  exceeding  one-third  of  an  incli. 
The  antenna-  are  slender,  moderately  long ;  there  are  simple  and  com- 

pound eyes.  The  mouthparts  are  peculiar,  and  are  apparently  very 

greatly  modified  biting  mouthparts,  small  and  inconspicuous.  Tiie 
wings  and  legs  are  well  developed,  the  former  with  comparatively  few 
veins.    Males  and  females  are  similar  in  general  appearance. 

The  life  history  is  very  imperfectly  known.  Eggs,  often  covered 

with  excrementitious  matter,  are  laid  under  webs  })roduced  by  the  pa- 
rents from  silk  excreted  from  the  mouth.  The  young  are  nymphs  simi- 

lar to  the  adults  in  general  features  and  found  gregariously  with  them. 

One  species  seems  to  be  common  in  the  plains,  its  eggs  being  laid  on  the 

leaf  under  webbing.  A  far  larger  and  brighter  species  is  found  in  the 

moister  parts  of  India  on  tree  trunks  ;  this  appears  to  be  Paocws  lem- 
niscatus.  Endl..  found  also  in  Java.  The  species  live  in  the  open  on 

bark,  under  leaves,  in  damp  places  under  shelter,  on  leaves ;  their  food 
consists  of  animal  or  vegetable  matter  in  the  form  of  fungi,  moulds, 
bark,  etc.  Others  (Atropides)  live  in  houses  in  damp  close  situations,  a 

damp  wall  being  a  favourite  place.  The  commonest  species  lives  thus 

in  liouses.  in  damp  })aper,  in  damp  corners,  and  this  attacks  and 
destroys  dried  insects.  New  insect 

store-boxes,  if  damp,  breed  them  in 

great  abundance,  the  little  nisects  ap- 
parently finding  food  ui)on  the  damp 

paper :  wlien  insects  specimens  are  put 
in.  they  feed  within  these  and  in  time 

destroy  them. 
The  number  ot  species  of  Psocids  is 

apparently  a  large  one,  but  as  little 
attention  is  paid  to  them,  few  are 

described.  Two  sub-families  are  re- 

cognised, the  winged  Psocinte  with 

ocelli,  the  AtropincB  which  have  rudi- 
mentary or  no  wings  and  no  ocelli. 

Dr.  Enderleins'  paper  (Die  Copeog- 
nathen  des  Indo-australischen  (Jebiet) 
enumerates  ten  species  of  the  former  from  the  Indian  region, 
collected   by    Biro.    One  European  species   has   been    found 

Fig.  51  -ATltoPOS  kV. 
(After  Smith.) chieflj 

in   the 
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three-jointed  tarsi ;  as  a  rule  there  are  two  long  anal  cerci  (except  in 

Nemoura).  They  are  inconspicuous  insects  of  which  a])parently  no- 

thing is  yet  known  in  India.  In  general  the  Perlida'  are,  in  the  immature 
stages,  a(^uatic;  the  eggs,  laid  on  the  surface  of  the  water,  sink  to  the 

bottom  and  hatch  to  active  nymphs  ;  these  are  flattened,  with  an 

elongate  body,  the  head  with  biting  mouthparts ;  air  is  obtamed  by 

means  of  tufts  of  gill  filampnts  ;  two  long  many -jointed  cerci  ternnnate 
the  abdomen.  Those  known  elsewhere  are  ])redaceous,  and  are  found 

under  stones  or  at  the  bed  of  rapidly  flowing  streams.  The  full  grown 

nymph  is  said  to  crawl  out  of  the  water  before  the  emergence  of  the 

imago.  The  family  is  often  classed  with  the  order  Pseudoneitroptem 

or  is  treated  as  a  separate  order  Pleroptera.  When  more  attention  is  paid 

to  Neuroptera  in  India,  they  may  prove  to  be  abundant  in  species  ;  they 

are  of  no  economic  importance,  direct  or  indirect.  No  species  appeax 
to  be  recorded  from  India. 

Odonata.     Drayon-flies. 

Tiro  paim  of  loiuf  narrow  wnu/s  of  equal  size  ;  antennfr  ver//  .wiiill 

and  Icrminntinq  in  a  brintle.    Head  hiqe  and  mobile. 

Tarsi  three- jointed. 

A  large  group  of  large  insects,  easily  recognisable  from  nearly  all  other 

insects  by  their  wings,  (which  are  in  re})ose  held  out  horizontally  and  not 

resting  over  the  body,)  by  the 

peculiar  antenna-,  the  large  mobile 
head  and  the  active  habits  of  the 

flying  insect.  The  imagines  vary  in 

length  from  an  indi  upwards  with 

a  span  across  the  wings  up  to  four 

inches.  They  are,  as  a  rule,  bright- 

ly coloured,  black  with  blue,  yellow, 

red,  metallic  green  and  other  bright 

colours  predominating.  The  colour 

is  possibly  warning,  probably  simply 

beautiful,  though  it  is  difficult 

to  generalize  about  insects   so  vari-         ̂ .^  r,.2_HBMicoKnvLu  asutica. 
OUslv  coloured.  {From  Martin.) 
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The  head  is  huge  and  very  mobile,  with  immense  compound  eyes. 

In  some  eases  the  facets  on  the  upper  surface  are  larger  tlvan  on  the  lower 

and  this  difference  may  be  an  adaptation  to  both  long  and  short  sight, 

The  active  ha])its  of  these  insects  necessitates  very  perfect  sight  and 

the  compound  eyes  appear  to  be  very  highly  developed.    The  antennae 

are  small,  with  few  segments,  and  are  bristle-shaped.    The  monthparts 

are  of  the  sharp  biting  type.    The  thorax  is  large  and  the  individual  seg- 

ments consolidated  into  a  S'ngle  mass.    The  long  wings  are  attached  to 
the  sides  ;  the  powerful  muscles  and  well-built  thorax  give  tlie  insect 

very  great  powers  of  flight.    The  legs  are  placed  very  far  forward  on  the 

thorax  and  this  is  apparently  an  adaptation  to  the  j)redaceous  habits 

of  these  insects.    They  catch  their  prey  on  the  wing,   hawking  for  fly- 
ing insects  ;  the  legs  extend  forwards  below  the  head  in  the  form  of  a 

basket ;  as  the  dra-ron-fly  rushes  through  the  air  and  pounces  on  an  insect 
the  legs  grasp  the  prey  and  hold  it  below  the  head,  the  dragon-fly  remain- 

ing in  motion  throughout.    The  captive  is  then  devoured.    Dragon-flies 
are  found  only  on  the  wing  or  resting  on  twigs,  leaves  or  grass  stalks. 

The  peculiar  position  of  the  legs  facilitates  this  method  of  repose  but 
does  not  enable  the  insect  to  walk     The  abdomen  is  long   and  thin 
terminated  in  elaspcrs  or  processes.    The  method  of  fertilization  is  some- 

what remarkable,  the  seminal  fluid  which  issues  from  the  tip  of  the  ab- 
domen being  transferred  to  a  pouch  on  the  second  abdominal  segment, 

which  is  ])rovided  with  coupUng  organs ;  the  male  then  grasps  the  female 

by  the  neck  and  she  brings  the  tip  of  her  abdomen  to  this  pouch  ;  in 

some  species  this  process  takes  place  over  the  water  and  eggs  are  laid  in 

the  intervals  of  coupling.    In  others  the  female  descends  under  water, 

carrying  air  with  her  between  the  wings  and  body  and  there  deposits  her 
eggs ;  others  deposit  the  eggs   while   flying  over  the  water,  or  while 
lying  motionless  on  it  with  extended  wings  and  a  few  are  known  to  lav 
them  in  mud. 

The  life  history  is,  so  far  as  known, 

the  same  throughout  the  family.  Eggs 

are  laid  in  water,  a  mass  of  eggs  in  a 

transparent  mucilaginous  envelope 
being  deposited.  The  larvae  are 

Fig.  fls.  -AEsc'HNin  NviMFH.         activc,  with  three  pairs  of  legs,  short 
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anteniiee  and  biting  nioutlipartH  of  a  peculiar  type.  The  lower 
side  of  the  head  is  concealed  by  a  development  of  the  lower  li]),  in  the 
lorm  of  a  long  jointed  arm-like  structure,  which  folds  down  over  the 
mouth  and  which  is  armed  at  the  tip  with  j)rocesses  l)earinf;  strong 
spines.  This  jointed  arm  extends  very  rapidly  to  a  considerable  length 
seizes  the  prey  and  withdraws  it  to  the  mouth,  where  are  the  sharj)  max- 
illi'  and  mandibles  with  which  the  prey  is  devoured.  Like  other  aqua- 

tic larva\  these  must  obtain  a  supply  of  air  and  as  they  live  below  the 
surface,  tliis  air  must  be  obtained  from  the  water.  T  his  is  efiected  in 

the  UbcIhUruw  and   Aesrhninne  by  taking  watei'  into  the  rectum,  the 

Fin.  .">4.— ALIMRISTAKY'cANAI,  ANH  THACHF.  V  of  ytRhCHNlD   NM»irH 

posterior  portion  of  the  alimentary  canal,  which  is  modified  to  act  as  u 

gill  and  to  extract  aii'  from  the  water  ;  this  part  of  the  alimoitary  canal 
is  penetrated  by  trachen^  into  whicli  the  air  is  absorbed  and  which  dis- 

tribute it  as  in  otlier  insects.  (Fig.  54)  The  nymjihs  can  be  seen  to 

take  in  and  eject  water  from  the  hind  end, 

the  violent  ejection  of  water  also  serving  to 

propel  the  nymph  forward  and  assist  it 

to  obtain  its  prey.  In  the  Acjrioninac, 

the  nymph  is  ])rovided  with  three  flat  lamel- 

lar appendages  at  the  apex  of  the  abdomen, 

which  function  as  gills.  (Fig.  5.5). 

Like  the  adult,  the  nymph  is  predaceous, 

the  teeming  fauna  of  fresh  water  supplying 

it  with  an  am})le  su})ply  of  food.  When 

fullgrown,  the  nymphs  climb  up  out  of 

the  water,  the  skin  breaks  along  the 

dorsum,  and  the  perfect  inst^ct  emerges  ; 

the    wings    are  gradually    developed    out-     Fig.  65.-Aurionii>  lakva. 
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side  of  the  body  in  the  nymphs,  as  in  the  Orthoptera,  and  the  mptamor- 

phosis  is  thus  an  incomplete  one.  It  is  more  complete  than  in  the 

Ortluyptera,  as  there  is  one  sudden  change  from  nymph  to  adult,  when  the 

insect  from  being  a  repulsive  crawling  creature  becomes  suddenly  winged 

and  aerial  ;  but  it  is  incomplete  in  the  sense  that  there  is  no  resting 

pupal  stage  as  in  the  Hi/menoptcra. 

It  is  impossible  to  discus?  the  extremely  interesting  variations, 

which  are  found  in  the  nymphs  of  various  species,  in  the  manner  of  life  and 

respiration  ;  the  aquatic  insect  fauna  of  this  continent  appears  to  be  a 

sealed  book  and  nothing  is  known  in  detail.  Nymplis  have  been  found 

living  in  dried  up  pooLs,  apparently  not  injured  by  the  absence  of  water 

and  obtaining  air  directly.  It  is  doubtful  to  what  extent  this  occurs, 

and  whether  there  are  any  species  that  live  so  habitually. 
Odonata  are  found  abundantly  throughout  the  plains  and  in  forest 

areas.  The  number  of  species  is  very  large  and  an  account  of  the  family 
as  it  occurs  in  India  is  much  wanted.  The  imagines  have  quite  peculiar 
habits,  and  are  very  characteristic.  They  play  a  large  part  in  the  des- 

truction of  smaller  winged  insects,  especially  flies,  their  appetite  being 
apparently  insatiable.  It  is  often  observed  that  each  individual  has 

its  own  beat  and  it  is  known  that  when  they  are  abundant,  each 
confines  his  operations  to  a  paiticular  spot,  returning  to  rest  on  the 
same  twig. 

The  length  of  the  life  is  not  known  but  it  is  apparently  long  both  in 
the  nymph  and  the  adult  condition.    A  few  dragon-flies  are  among  the 

FI>r  a6-EHr0THEMI8  ViRIBOATA.     FEMALE. 
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gregarious  insects  and  it  is  not  uncommon  to  find  large  numbers  flying 

together  over  pools  in  the  jungle.  The  bright  winged  species  of  the 

moister  areas  of  Bengal  are  frequently  seen  flying  in  groups,  and  one 

brilliant  yellow  species  (Rhyothemis  variegata  F.)  is  commonly  seen 

in  Calcutta.  Migration  has  been  known  to  occur  elsewhere,  tliough 
not  recorded  in  India. 

The  Odonata  are  by  some  authors  treated  as  a  single  family,  with 

two  divisions  and  seven  sub-families  as  is  done  here,  or  as  a  sub-order 

with  three  families,  or  with  seven  families. 

Anisopterides 
] .      LlBELLUUU^ 

2.      AESCHNIDiE 

ZvOOPTEBIDES  ...    3.      rALOPTERYRID.ffi 

f  Corduliinw. 
(  Libellulina'. I  Gomphinae. 
<  Cordulegasterinae. 

(  Aeschninse. 

f  Calopteryginse. 

I  Agrioninse. 

Ammpterides. — Hindwings  broader  at  tlie  base  than  the  forewings. 
Wings  held  horizontally  outwards  from  the  body  when  at  rest. 

(Pigs.  57,  5<).) 

Z«/ffop«er?des.— "Wings  equal  or  hindwing  small  ;  wings  held  closed 
together  vertically  above  the  body  when  at  rest.     (Fig.  ns.) 

Fig.  57.— A<.'ISOMA  PANOEPOIDBS. 

{From  Rambur.) 

IIL 
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Over  130  species  are  listed  or  described  from  India.    Eambiir  mono- 

graphs the  older  species  (Neuroptera  1842).     De  Selys'  many   papers 

Fig.  SS.-Al.llI()Nlll   AT  REST. 

contain  descriptions  of  a  large  number  of  speciep;  Kirby  has  described 

species  from  Miirrec  and  Campbellpur  (Proc,  Zool.  Soc.  1886,  p.  325),  the 
European  Sifmpetrum  fans- 
cohmhei  de  Sel.  being 

found  there  ;  he  has  added 

descriptions  of  species  from 

Ceylon  and  Upper  Burma 

(Ann.  Nat.  Hist.  VI,  Hand 

VII,  15);  a  large  collection 
made  by  G.  C.  Nurse  at 

Deesa  and  Quetta  is  des- 

cribed by  Martin  ( Trans. 

Ent.  Soc,  London,  1907, 

p.  303).  The  species  up 

to  1890  are  catalogued  in 

Kirby's  Catalogue  of 
Odonata  and  there  have 

been  stray  descriptions  by 

other  authors  since  then. 
Fig.  .W.-ApSOHMH  AT  KBbT. 
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AQUATIC  INSECTS. 

A  considerable  portion  of  the  insect  world  live  in  or  on  the  surface 
of  still  or  running  water,  and  are  more  or  less  specially  adapted  to  the  pe- 

culiarities of  this  mode  of  life.  These  insects  are  derived  from  terrestrial 

insects  and  there  is  no  hard  and  sharp  line  between  terrestrial  and 
aquatic  insects.  We  have,  for  instance,  thepredaceous  Reduviid  bugs  on 
the  earth  which  live  also  on  mud  and  in  the  neighbourhood  of  water. 
It  is  but  a  small  transition  to  the  Hydronictrido',  bugs  which  run  on  the 
surface  of  the  water  and  which  require  very  little  modification,  chiefly 
in  the  structure  and  motions  of  the  legs.  The  aquatic  carnivorous  beetles 
are  very  closely  allied  to  the  land  carnivorous  beetles,  the  modificatiojis 
mainly  consisting  of  those  necessary  to  enable  the  beetle  to  swim,  to  obtain 
air  below  water  and  to  catch  different  prey.  The  HydwphUidw  include 
both  land  and  aquatic  forms  in  one  family,  and  were  our  knowledge  of 
past  and  present  day  insects  greater,  we  might  be  able  to  trace  the  stejjs 
by  which  a  land  insect  gave  rise  to  aquatic  forms.  The  aquatic  Diptera 
are  excellent  examples,  some  living  in  mud,  some  in  shallow  water,  some 
in  deep  water.  We  may  suppose  these  to  have  more  recently  acquired 

the  aquatic  habit  than  such  a  homogenc  ous  group  as  Odonata  or  Eithc- 
meridcp  which  are  now  wholly  aquatic  and  were  probably  derived  from 
primitive  land  ancestors. 

Among  aquatic  insects,  one  of  the  most  interesting  features  is  the 
manner  in  which  the  air  supply  is  obtained.    Assuming  that  all  aquatic 
insects  are  descended  from  terrestrial  ancestors,  and  not  from  a  single 
form  which  became  aquatic,  we  would  expect  different  groups  to  solve 
this  problem  in  different  ways  and  to  find  a  great  variety  of  devicies  to 
secure  an  air  supply.    In  general  mature  insects  obtain  their  air  direct 
from  the  atmosphere,  rising  to  the  surface  to  do  so,  and  there  are  among 
them  fewer  modifications  in  the  respiratory  system,  possibly  owing  to 
the  greater  rigidity  of  the  outer  skeleton  and  the  far  smaller  degree  of 

plasticity  of  the  adult  constitution  as  compared  with  the  larval.    We 
may,  therefore,  consider  the  larval  and  pupal  forms  of  aquatic  insects, 

extremely  briefly,  solely  from  this  point.    Insects  are  commonly  pro- 
vided with  one  or  two  thoracic  spiracles,  and  a  series  of  five  to  eight  on 

the  abdominal  segments.  This,  the  so-called  bolopneustic  (2  thoracic) 

or  perineustic  (1  thoracic)  system  obtains  in  adults  but  not.  so  far  as  we 

are  aware,  in  larvae.    The  first  modification  we  find  is  the  closure  of  all 

spiracles  but  the  two  terminal  pairs,  one  near  the  head,  one  nearest  to 

the  tail  (Amphipneustic).  The  closure  of  these  spiracles  is  actual,  but 

the  spiracle  remains,  a  tracheal  vessel  runs  to  it  which  contains  no  air 

as  a  rule.    The  larva  of  Pericoma  (Psychodidcp)  and  allied  larvae  are 

examples,  and  air  is  obtained  by  bringing  either  of  the  pairs  of  spiracles 
to  the  surface.  A  far  commoner  modification  is  the  metapneustic  one, 

where  only  the  terminal  abdominal  spiracle  persists  in  a  functional  state, 

being  usually  very  large.  A  large  number  of  insects  exhibit  this  charac- 

ter in  the  larval  state  including  Amphizoa,  Dystiridce,  most  Hydrophili- 
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dcB,  Helodes  (Dascillidte),  Culex,  Dixa  and  Anopheles  {Vultcidce),  Tifu- 
Udw,  Stratiomijs,  Tabanidw,  St/rphida;  and  Sciomyzidw  ;  in  these  it 
obtains  in  the  larva,  and  not  always  in  the  pupa,  though  in  Stratiomys 
and  Hamonia,  for  instance,  the  pupa  also  exhibits  it.  In  a  few,  we  get 

the  t omplementary  state,  in  which  the  anterior  spiracle  alone  is  func- 

tional, as  in  the  pupsp  only  of  Ctih'n'da;  Chironomidcr  and  Bixidip. 
In  the  abo\  e  there  have  been  in  all  cases  at  least  one  spiracle  func- 

tional and  the  normal  tracheal  system.  In  those  that  follow,  there  are 
no  functional  spiracles,  unless  one  of  the  above  systems  is  combined  with 
it;  most  larva^  exhibit  one  of  the  above  modifications,  with  one  or  sev- 

eral of  the  following,  though  the  latter  may  occur  alone  or  in  combination 
with  each  other.  Trachea]  gills  alone,  with  no  other  definite  system, 

occur  in  a  number  of  larva- ;  in  these  the  skin  is  ])roduced  into  thin- 
walled  tubular  structures  in  which  the  body-fluid  circulates,  in  which 
there  are  tracheje,  and  which  function  as  gills  since  they  absorb 
(or  are  su])po8ed  to  absorb)  oxygen  but  are  tracheal  and  Tiot  true 
gills  since  the  air  is  passed  into  the  trachea  and  not,  apparently, 

into  the  "blood"  system.  Such  gills  take  many  forms  but  are  common- 
ly tubular  or  paddje-like,  in  tufts,  in  spongy  masses  ;  they  occur  in 

larva?  which  do  not  come  to  the  surface  but  live  wholly  in  the  water  at 
some  depth  usually,  as  in  the  Perhdce,  Epheinendce,  Siahdcf,  Hisyra 
(Hemerobndce),  Haliphdcp,  and  Cahpicrygides  (Odonata),  and  in  the  sub- 

families Phryganeides,  Sericostotnatides  and  Leptocerides  of  the  Phryga- 
netdce.  These  gills  may  be  on  the  eight  basal  abdominal  segments 
[Hahphdcp),  on  the  seven  basal  abdominal  segments  (Sialidcp),  on  the 
apex  of  the  abdomen  {Chmmomidce),  Corethra  (CuUcidcB),  Simuliwn, 

and  the  f'alopteiygine  division  of  Odonata,  on  the  base  of  the 
abdomen  {Perhdce,  some  Ephetneridce)  or  on  the  whole  abdomen 
{Gyrinidcp,  Phryganeidw). 

Accessory  tracheal  gills  also  occur,  in  combination  with  a  spiracular 
or  other  combination,  as  in  Dixa,  Culex,  Mochlonyx  and  Helodes.  Such 
accessory  gills  are  extremely  common  and  cannot  always  be  easily  dis- 

tinguished. Rectal  respiration  is  another  modification  of  tracheal  res- 
piration, in  which  water  is  taken  into  and  discharged  from  the  rectum, 

which  is  set  extremely  densely  with  trachcc  and  functions  as  a  "  water- 
lung  ' '  or  gill.  Odonata  (exc.  Calopterygidce)  are  the  best  examples,  the 
very  young  Chloeon  (Ephemeridce)  is  another  and  both  Calex  and  Cera- 
topogon  also  exhibit  it. 

There  are  finally  some  modifications  in  which  trachese  play  no  direct 

part :  the  pkin  possibly  functions  as  a  "  gill ' '  in  many  of  the  young  larval 
forms,  in  which  there  is  no  other  system  developed  ;  this  is  a  matter  of 
conjecture  largely,  but  there  is  no  other  available  explanation  of  the  res- 

piration of  many  young  aquatic  forms.  Some  Phryganeidm  and  Perlidce 
never  exhibit  any  other  respiration  throughout  larval  life,  and  it  is  pre- 

sumed the  air  is  obtained  through  the  skin. 
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' '  Blood-gillH  ' '  are  giils  as  opposed  to  tracheal  gillh,  since  only  the 
body -fluid  circulates  in  them  and  no  tracheae  enter  them,  or  if  they  do, 
do  not  contain  or  carry  air  ;  the  {tills  of  Pehhius,  Hydrocyphmi  and  some 
Ohironomus,  the  rectal  pouches  of  Macronema.  the  gills  of  some  young 
Phrifganeids  and  Ephemerids  are  of  this  class,  though  in  the  last  there 
is  little  real  distinction  from  tracheal  gills. 

There  are  a  small  nimiber  of  insects  in  which  air  enters  the  body 
cavity  and  this  is  so  extraordinary  a  phenomenon  that  though  \\  e  know 
of  it  in  only  two  insects,  we  mention  it  here.  It  deserves  fuller  investig- 

ation. Another  peculiar  method  is  found  in  larvm  which  take  air  into 
the  alimentary  canal,  either  swallowing  it  as  does  one  a(]uatic  larva,  oi 
as  Odonata  do,  at  the  hind  end  ;  this  is  often  seen  in  the  latter  in  ca})tiv- 
ity,  and  is  simply  a  modification  of  the  rectal  gill. 

Finally,  there  arc  the  insects  which  contain  a  ted  })igmcnt  allied  to 

or  identical  with  Hsomoglobin,  the  constituent  of  man's  blood  that 
cairies  oxygen  in  weak  combination  from  lung  to  tissue  and  Carbon 
Dioxide  to  the  lung.  Chironomus  is  the  familiar  example,  found  in 
every  Indian  tank,  and  we  use  this  generic  name  in  a  very  broad  sense 
to  include  many  forms  allied  to  Chironomus  but  not  identified 

For  the  benefit  of  the  student  we  attach  the  table  of  modifications 
mentioned  above. 

I.  Tracheal  : 

1 .  Stigmata : 

a    Ilolopneustic. 
b    Penptieuhtic. 
(•    AmplnpneustK 
d    MetapnensUc 
e    Pmpneusfic. 

2.  No  Stigmata  : 

/    Tra'-heal  gHk;  main. 
q    Tracheal  gills,  arressari/. 
h    Rectal  gills. 

II.  Without  tracheae  : 

I    Skin,  wholly  or  in  part 

j    Blood-gills. 
I:    Entrance  of  air  to  body. 
/    Entrance  of  air  to  gut. 

m     Pigment. 

Summary  of  aquatic  families.— The  following    review  does  not  pre- 

tend to  mention  every  aquatic  form  or  group,  but  contains  the  majority, 

and  probably  everv  important  family. 

Aptera  include  aquatic  forms  living  on  tlie  surface  of  wa
ter.  Pod- 

arince  are  known  to  have  this  habit  and,  were  we  to  include  t
he  manne 

forma,  the  well-known  Anur^da  could  be  cited.    Aquatic    Ortho
ptera, 
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while  rare,  are  not  unknown.  A  doscription  of  an  a(juatic  Gryllid  {Hy 
dropedeticus  vitiensis  Mial.  and  Gil.)  will  be  found  in  Trans.  Ent.  Soc, 
Lond.,  1902,  p.  281.  Tridactyhs  is  found  on  the  surface  of  water  but 
usually  lives  on  mud.  (See  p.  99.)  Annandale  has  found  an  aquatic 

Blatta  in  Malaya  and  an  aquatic  Ep'ilampra  in  India  (Journ.  Asiatic 
Soc,  Bengal,  190(5,  p.  lOo).  In  India,  one  genus  at  least  of  Tetriginse 
[Scelimena)  is  aquat.f  and  an  Acridiid  allied  to  Hieroqlyphus  has  the 
habit  of  diving  below  the  surface. 

Amongst  Neuroptera,  there  are  several  important  groups.  The 
Perlidce  (Stone  Flies)  have  aquatic  nymphs,  which  have  ten  pairs 
of  closed  stigmata,  and  functional  gills  as  a  rule.  A  few  are  stated  to 
have  no  gills  but  to  have  special  tracheal  developments  at  the  skin. 
Others  have  gills  on  the  first  thoracic  segment  {Nemoura,  Pteronarcys) 
on  the  sides  of  the  thorax  (Perla,  Pteronarcys,  Nemoura),  on  the  apex  of 
the  abdomen  {Perla,  Pteronarcys)  or  on  the  head  (Bictyopteryx  signata). 
The  Odonaia  are  wholly  aquatic  with  two  modifications  ;  the  Cahjptery- 
gidcB  have  leaf-like  processes  functioning  as  tracheal  gills,  the  Aeschnidcp 
and  Lihellulidce,  rectal  gills  with  anal  valves  to  admit  water,  the 
gills  in  the  former  being  papilUform,  in  the  latter  lamelUform.  The 
Ephemeridce  are  also  aquatic  with  gills  in  the  older  stages.  Lubbock 
has  remarked  that  the  skin  of  Chloeon  functions  till  the  third  instar, 
when  gills  a})pear,  but  the  tracheae  are  functional  only  in  the  fourth 
instar  (there  are  20  instars).  Gills  take  several  forms,  and  may  be 
large  and  exposed,  flat  lateral  plates,  tubular  under  a  gill  cover,  or 
concealed.  The  long  caudal  setse  ha\L'  a  circulation  and  are  probably 
also  respiratory.  Of  the  Sialidce,  the  Sialinw  live  in  mud,  the  first 
seven  abdominal  segments  having  filaments  functioning  as  gills.  Of 
the  HemerobiidcB,  the  Hemerohimce  contain  two  aquatic  forms,  Osmylus 
and  Sisyra,  the  latter  with  abdominal  tracheal  processes.  The  Trichop- 
tera  are  wholly  aquatic  in  the  larval  stage,  having  no  gills  (some 
Hydropsyckid£s,  Rhyacophihdes,  Hydroptilides),  or  having  gills  in  the 
form  of  tufts  or  slender  processes,  which  may  be  placed  all  round  the 
body. 

The  Hymenoptera  include  a  few  remarkable  parasitic  forms  which 
deposit  their  ova  in  the  larvae  of  Trichoptera  or  other  aquatic  insects. 
Prestwichia  in  Europe  is  parasitic  in  the  eggs  of  six  species  of  aquatic 
insects. 

The  C'oleoptera  include  eleven  families  aquatic  wholly  or  in  part  at 
least  in  their  larval  stages.  Amphizoidce  are  metapneustic  as  larvee. 
The  Pebbiidw  arc  represented  by  Pelohius  whose  larva  is  said  to  have 
spiracles  and  blood  gills.  The  larval  HaUplidcB  have  long  filaments  on 
the  abdominal  Kegments.  DytiscidcB  are  wholly  aquatic,  the  larva 
metapneustic,  the  imago  carrying  air  under  the  wings.  GyrinidcB  live 
on  the  surface  of  the  water  as  adults,  but  the  larva)  are  provided  with 
ten  pairs  of  abdominal  tracheal  processes.  The  HydrophilidcB  are  only 
in   part   aquatic  ;  their  larvae  are  either  metapneustic  or  have  tracheal 
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processes  {Berosus).  PJatypsylltdcB  are  scarcely  aquatic  save  in  that 
their  ho&t  the  beaver  is  so.  Heterocendce  are  semi-aqnatic  in  mud  or 
wet  sand  in  all  stages.  Parnidcp,  so  far  as  known,  are  peripneustc  or 
have  filamentous  branchisp  ;   the  Elmides  have  three  pairh. 

Dascillidre  are  aquatic  and  while  some  have  functional  spiracles, 
others  are  said  to  have  exsertile  respiratory  pouches  (Hydrocyphov) ; 
a  few  forms  of  the  Donacnnm  among  C'hrysomelidfc  have  aquatic  larvn', 
the  larva  being  found  in  the  roots  of  aquatic  plants.  {Donaaa,  Hcrnio- 
nia.)  We  have  omitted  to  mention  the  abnormal  aquatic  Carabid  found 
extremely  rarely  in  England  and  Annandale  has  recently  desrribed  an 
aquatic  weevil  from  Calcutta  (Joum.  Asiatic  Soc,  Bengal,  lOOO,  p 
197)  as  well  as  an  aquatic  glow-worm  larva  (loc.  cit.  I'.IOG,  p.  107). 

Few  Lepidoptera  are  aquatic  but  some  arc  very  notably  fo  in  this 
country.  A  single  Pyralid  genus  {Acentropyn)  has  an  aquatic  larva  (not 
known  in  India);  the  Hydrorampincp  include  at  least  sp\eral  aquatic 
forms  including  Nymphula  depvnctalis  Guen  and  N.  flvctuosahs  in 
which  the  larva  is  set  with  short  respiratory  processes.  Roth  these 
are  common  in  India,  while  Hydrocamjia,  Parajonyx  fnd  Caimlysfa 
are  known  elsewhere. 

A  single  abnormal  Eupteiotid  is  aquatic,  the  larva  of  Palustra  Jim- 
mesteri  being  holopneustic  but  having  a  covering  of  long  hairs  in  which 
air  is  retained  ;  it  comes  to  the  surface  to  renew  the  supply  Of  Drptera 
we  are  still  largely  ignorant  but  the  Ci(hcida>  have  aquatic  larva-, 
variously  modified,  as  do  the  Chironomida.  Corethra  is  in  the  larval 
state  dependent  on  tracheal  gills  ;  Culex,  Anopheles  and  others  are 
metapneustic,  but  have  tracheal  gill  processes  as  well  ;  in  all,  the 
pupae  are  propneustic,  the  anterior  spiracles  lying  within  large  trumpets 
which  are  brought  to  the  surface  of  the  water.  Chronomtdce  include 
the  forms  with  hcFmoglobin  (Chnonom'us)  as  well  as  those  with  tracheal 
gills  ;  the  pupoe  are  propneustic  or  have  tufts  of  gills.  The  aquatic 
Ceratopogon  larvse  appear  to  have  no  gills  and  to  breathe  through  the 
skin.  PsychodidcB  have  aquatic  or  semi-aquatic  larva?,  living  in 
algse  and  weeds,  with  four  ciliated  processes  at  the  hind  end  forming 
a  basin  round  the  spiracles,  as  well  as  a  functional  pair  of  anterior 
spiracles.  Dixidce  have  metapneustic  larvse  with  tracheal  gills,  the  pupa 

with  propneustic  trumpets.  Aquatic  Tipuhd  larvK'  are  well  known 
and  are  metapneustic,  some  with  a  long  telescopic  tail  process 
[Bittttcomorpha,  Pty  chapter  a).  One  at  least  has  long  tracheal  filaments 

(Phalacrocera  replicata).  The  larvse  of  Blepharocenda  are  known  to 
live  in  torrents  and  near  waterfalls,  clinging  firmly  to  rocks.  Simulnd 

larvse  are  found  in  swiftly  running  water  and  have  five  retractile  gills , 

the  pupa  has  a  tuft  of  filaments.  Stratiomyidm  have  some  aquatic 
larval  forms,  the  larva  metapneustic  with  an  expansible  ring  of  hairs 
that  hold  an  air  bubble. 

Tabanidce  have  metapneustic  aquatic  larvse,  as  do  the  Syrphidai  in 

.some  cases,    the  latter  having  in  some  forms  (Enstalis,  Helophilus),  the 
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long  telescopic  tail  process  with  the  spiracles  at  the  apex  ;  the  pupa  is 
propneustic  with  the  spiracle  on  the  tubular  filaments.  It  is  known  that 
some  Acalyptrate  muscidw  have  aquatic  larvee,  Dasycerides,  Efhydrides 
and  Sciomyzides  being  thus  found. 

The  above  includes  the  majority  of  the  forms  with  aquatic  nymphs 
or  larvae,  but  we  may  remember  that  in  almost  any  tank  or  stieam  there 
are  abundant  new  forms  as  yet  unreared,  and  that  aquatic  insects  are 
by  no  means  well  known.  Wo  are  familiar  with  many  fresh-water  larvae 
which  do  not  come  into  any  of  the  above  groups,  and  the  Indian  aquatic 
fauna  is  almost  unknown. 

The  following  Hemiptera  are  aquatic  in  all  stages,  but  all  are  holop- 
neustic  or  peripneustic.  The  Hehndw  are  scarcely  truly  aquatic,  living 
in  damp  situations,  the  body  beneath  densely  pubescent.  Hydrometrida- 
live  on  the  surface  of  the  water,  being  also  pubescent  below.  The  divi- 

sion Cryptocerata  are  aquatic,  living  below  the  surface  but  being  holop- 
neustic  or  peripneustic  in  all  stages  ;  Pelogonidw  (Galgulidce)  are  alone 
found  on  wet  mud  and  near  water.  Nepidw  live  in  shallow  water  and 
obtain  air  by  means  of  two  processes  which  unite  to  form  a  slender  tube ; 
the  nymph  obtains  air  by  means  of  two  ventral  pubescent  grooves 
leading  to  the  apex  of  a  short  process.  Naworidcp  carry  air  down  with 
them  in  a  bubble  attached  to  the  hind  end  and  come  to  the  surface  to 
renew  it ;  Bdostomidce  are  also  aquatic  and  obtain  air  from  the  surface. 
NotonectidcB  and  Corixidce  carry  air  on  the  lower  side  of  the  body  and 
come  to  the  surface  to  renew  it. 

So  far  as  we  are  aware,  there  remains  only  one  aquatic  Hemipterous 
insect,  an  Aphid  {Rhopalosiphum  nymphew  Fabr.)  found  in  India 
below  the  surface  of  fresh  water  on  an  aquatic  plant. 

In  the  above  aquatic  insects,  we  have  indicated  the  fact  that  the 
actual  habitat  in  the  water  may  be  very  different,  and  it  will  be  useful 
to  briefly  note  the  habitat  conditions  that  we  find.  There  are  many 
forms  which  never  or  only  exceptionally  leave  the  surface,  such  as  the 
Gyrinid  beetles,  the  larvse  of  Dixa  and  Anopheles  and  the  various  Hy- 
drometridcB ;  they  are  aquatic  only  in  the  sense  that  they  live  on  water 
and  are  adapted  thereto. 

Others  live  near  the  surface  and  always  within  reach  for  air-getting 
purposes.  Of  these  some  live  in  algsp  or  weed  masses  as  Palustra  larvsp, 
the  pupae  of  aquatic  Tipulids,  the  larva  of  Stratiomy a  &nd  the  larva  and 
pupa  of  Psychodidw ;  others  are  in  mud  at  the  margin,  as  Ptychoptera 
and  Bittacomorpha,  the  Tabanid  larvae,  the  larva  and  pupa  of  the  Erie- 
talis  and  Hehphilus  sections  of  Syrphidrp. 

A  number  are  dependent  on  the  surface,  but  go  deep  in  search  of 
food  or  shelter  ;  such  are  the  predaceous  beetles  [Dytiscidoe  and  the  like), 
the  flydrophilus  beetles,  the  aquatic  Cryptocerata,  as  well  as  the  Culiddcp 
and  Dixidas, 
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When  we  leave  the  surface,  we  find  a  number  that  live  in  the  middle 
depths  ;  the  peculiar  raining  larva  of  Dorycera,  the  red  Chironomid 
larvae  found  in  the  soft  stems  of  aquatic  plants,  the  larvse  of  Ephemeri- 
dm  in  the  holes  in  the  bank,  the  many  larvse  in  masses  of  algee  or  weeds 
(Ceratopogon,  Acentrofus,  Hydrocampa,  Cataclysta,  Paraponyx,  Nym- 
phula  and  SimuKum),  the  few  larvae  that  live  actually  free  in  the  water 
in  the  middle  depths  (Corethra  and  Chironomid  larvfp),  are  examples  of 
insects  neither  dependent  upon  the  surface  for  air  nor  finding  food 
at  the  bottom,  and  which  are  commonly  obtained  with  a  net  in  the  middle 
depths. 

There  are  also  the  insects  in  the  depths  or  on  the  bottom  ;  the  Pei  - 
lid  larvse  are  under  stones  ;  the  mud-loving  Siahdw,  the  larvae  .of  cad- 

dis-flies and  dragon-flies  are  found  on  mud  ;  some  are  found  only  at  the 
bottom  of  shallow  running  water,  including  caddis  larva>,  the  nymphs 
of  Odonata,  Perlidce  and  Ephemeridce,  as  well  as  such  aquatic  Hemero- 
biides  as  are  not  found  in  sponges. 

Finally,  there  is  the  remainder,  which  are  at  all  depths  except  near 
the  surface,  which  range  over  the  bottom  and  middle ;  these  include  the 
more  active  Odotiata  and  Trichoptera,  the  larvae  of  HaliplidfF,  Gyrinidw 
and  Parnidw,  as  well  some  of  the  Hydrophilidm  (Berosus).  A  far  larger 
part  of  the  aquatic  fauna  would  naturally  come  within  this  last  division 
were  one  to  go  minutely  into  it,  which  is  impossible  in  this  place. 

Sufficient  has  been  said  to  show  that  aquatic  insects  live  in  a  world 
of  their  own,  one  as  complex  in  its  internal  relations  as  that  of  the  land  ; 
we  find  herbivorous  insects,  preyed  on  by  carnivorous  ones,  occasionally 
attacked  by  parasitic  ones  ;  it  is  a  teeming  world  of  life  of  all  kinds,  of 
immense  interest  from  every  point  of  view  and  especially  so  from  the  as- 

pect of  the  immensely  ingenious  contrivances  by  which  insects  obtain 
their  air  supply.  But  it  is  a  subject  which  has  been  scarcely  touched 
in  this  country,  though  there  are  unrivalled  opportunities  at  almost  all 
times ;  we  anticipate  that  the  investigation  of  how  these  insects  pass 

through  the  time  when  tanks  dry  up  will  yield  some  extremely  interest- 
ing results,  and  we  may  hope  that,  though  there  is  no  economic  side  to  it, 

this  fascinating  branch  of  entomology  will  some  day  be  attacked. 

Ephkm^rwm.— May-Flies. 

Sknder  insects  with  large  foreinngs  and  small  kindvinys.    The  antenna' 
are  short.    There  are  two  or  three  long  processes  on  the  abdomen. 

Tarsi  four  or  five  jointed.    Larva  aquatic. 

This  is  the  last  family  in  which  the  wings  are  formed  in  the  active 

nymph  outside  the  body  as  m  Orthoptera.    The  wings  are,  in  repose,  held 
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together  above  the  body  in  an  upright  position  and,  with  the  long  anal 
processes,  are  very  distinctive.  Some  are  small  very  delicate  insects, 
not  longer  than  5  mm.  with  a  span  of  nearly  10  mm,  ;  others  are  larger, 
but  none  are  very  large.  Eyes  are  larger  in  the  males  than  in  the  females, 

the  upper  portion  with  larger  facets  than  the  lower  and  sometimes 
divided.  In  some  cases  the  upper  half  is  much  larger  and  raised  on  a 

large  projection  above  the  head.  The  antennae  are  short,  the  mouth- 
parts  feebly  developed  or  absent.    The  mesothorax  is  well  developed, 

Fi«.  60.    Ki'HfcviKiiin.    (F.  M.  H.) 

the  abdomen  sessile,  ten-jointed  and  glabrous.  There  is  no  ovipositor ; 
the  male  has  longer  forelegs  (often  very  long)  than  the  female,  and  dis- 

tinct jointed  claspers.  The  venation  is  complex.  The  colours  are  grey 

or  pearly,  the  wings  transparent,  faintly  tinged,  or  with  dark  markings. 

The  life-history  is  similar  to  that  of  other  aquatic  insects.  Eggs 
are  laid  in  water,  either  loosely  or  in  compact  masses ;  Eaton  records 

seeing  B<ietis  descend  under  water  to  lay  her  eggs  under  a  stone 

and  this  is  apparently  habitual  in  some  species.  The  nymphs  are 

slender  insects,  usually  with  long  abdominal  processes,  with  long 
antennae  and  well  developed  biting  mouthparts.  The  food  is  said 

to  be  mud,  or  minute  aquatic  vegetation,  but  some  are  certainly 
predaceous.  They  live  in  various  situations  and  beyond  the  fact  that 
they  are  to  be  found  in  fresh  water  in  India,  not  much  is  known.  All 

have  gills  on  some  part  of  the   body  for  the  purpose  of  ̂   extracting 
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air  from  the  water ;  these  are  situated  on  the  abdomen  and 

consist  of  thin  walled  processes  in  which  the  body  fluid  circulates 
and  in  which  tracheae  are  found.  In  fact,  the 

gills  supply  the  tracheae  with  air  and  are  not  gills  in 
the  same  sense  as  in  fishes.  The  form  of  these 

nymphs  in  general  is  very  varied,  as  are  their 

habits  and  there  will  probably  be  found  a  similar 

variety  in  Indian  species.  The  reader  will  find 

general  information  in  Miall's  Aquatic  Insects, 

in  Sharps"  Insects  and  in  Eaton's  Monograph. 
A  curious  feature  of  the  life-history  is  the 

very  sudden  transformation  ;  the  full-grown  nymph 
comes  to  the  surface,  the  skin  breaks  along  the 

back,    the    flying   insect    emerges ;   but    its   meta- 
Fig.  61. -PALINOKNIA  i       •        •       iV.  .11  1   i.  J      ii LARVA,  Oetlon.      morphosis    is   then    not  really  complete   and    the 

Ufier  Eaton.)        insect  (now   called  a  sub-imago)  flies  to  a  spot  on 

which  to  settle,  then  sheds  another  delicate  skin.    This  phenomenon  is 

known  only  in  this  family.    One  species  common  in  the  plains  flies  some 

hundreds  of  yards  before  doing  this  and  comes  to  light,  settles  on  the 

wall  and  then  emerges  ftilly  developed,  leaving  the  delicate  skin  behind. 

The  nymphal  life  is  probably  as  long  relatively  as  the  imaginal  life 

is  short.    The  May-flies  are  types  of  the  brevity  of  life,  but  in  reality 

these  insects  have  previously  enjoyed  a  very  long  life  (for  an  insect)  in 

their  aquatic  form.    Lubbock  found  that  the  nymph  of  a  European 

species  underwent  twenty  moults.    The  perfect  msects  apparently  emerge 

to  a  brief  career  of  enjoyment.    May-fly  dances  are  a  common  feature  of 

a  still  warm  evening,  the  delicate  insects  (males)  performing  intricate 

evolutions  in  companies  on  the  wing.    A  dance  in  three  dimensions  may 

have  advantages  over  the  dance  on  the  two  dimension  dance-floor  and 

we  can  compare  it  only  to  a  dance  of  flying  machines.    These  dances 

take  place  often  at  a  considerable  distance  from  water,  a  number  of  the 

insects  gathering  together  for  the  purpose  and  forming  a  very  striking 

sight.   Coupling  and  egg-laying  closes  the  brief  life.    As  the  mouthparts 

are  absent  and  no  food  is  taken  after  emergence,  an  active  life  must  soon 

close,  and  it  is  probably  correct  to  say  that  May-flies  do  not  live  
for 

more  than  one  or  a  few  days.    The  immense  swarms  of  May-flies  that 

emerge  simultaneously  in  some  countries  do  not  seem  common  among 
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Indian  species,  and  these  insects  appear  during  long  periods  in  the  hot 

weather  and  rains,  but  not  in  large  numbersat  any  one  time.  As  these 

insects  in  their  feeding  life  live  a  purely  aquatic  life,  there  arc  none  of 

economic  importance  and  the  group,  as  a  whole,  has  attracted  little  atten- 

tion in  this  country.  The  number  of  species  known  is  small,  as  they  are 
not  attractive  to  collectors. 

In  his  monograph,  Eaton  describes  the  known  Indian  and  Ceylon- 

ese  species  (Trans.  Linn.  Soc,  Zool.  Ill),  Eaton  also  mentions  ten  spe- 
cies from  India  (J.  A.  S.  B.,  LX,  p.  JOG)  and  discusses  them,  mentioning 

also  that  McLachlan  possessed  nine  species  from  Tenasserim.  The  total 

recorded  by  him  is  twenty-two  species,  but  our  common  plains  species 

are  apparently  undescribed,  the  recorded  species  being  from  eleva- 
tions above  4,000  feet  in  Ceylon  or  the  Himalayas  in  most  cases. 

CoZ/ectm^.— Imagines  and  sub-imagines  are  best  preserved  in  spirit 
as  their  integuments  arc  weak,  but  when  plentiful,  a  series  may  also  be 

pinned. 

THE  RELATIVE  DURATION  OP  LIFE. 

The  actual  duration  of  life  measured  in  human  units,  is  a  matter 
of  very  considerable  variation  among  the  diverse  forms  of  insect-life. 
From  the  extremely  short-lived  Drosophilid  fly  to  the  long-lived  Cicada, 
there  is  an  infinite  variety  ;  this  is  a  matter  of  small  importance  since  the 
passage  of  time  has  a  relative  value  and  the  insect  which  lives  for  but  a 
few  days  may  pass  through  as  many  experiences  as  a  human  being  in  as 
many  years.  The  point  is,  perhaps,  interesting  as  popular  ideas  are  often 
extremely  erroneous  and  forget  to  take  into  account  the  fact  that  a 
winged  insect  whose  life  is  but  a  day  may  have  passed  weeks  or  months 
in  an  immature  form. 

Factors  which  govern  the  duration  of  life  are  many  and  varied  ; 
fall  of  temperature  suspends  activity  to  a  greater  or  lesser  extent,  and, 
while  prolonging  the  actual  length  of  life,  does  not  add  to  the  active 
living  period.  Abundant  food  by  hastening  maturity  and  the  develop- 

ment of  the  reproductive  system  may  materially  shorten  the  life  of  an 
insect;  unnutritious  food  or  the  .lack  of  food  may  immensely  prolong 
life  either  by  preventing  the  immature  insect  from  deriving  sufficient 
nutriment  from  its  food  or  by  checking  the  development  of  the  repro- 

ductive organs,  so  that  life  is  maintained  for  long  periods  until  the  eggs 
are  formed  and  egg-laying  becomes  possible.    The  absence  of  the  larval 
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food -plant  is  another  factor  which  prolongs  the  life  of  the  adult,  since  the 
mother  insect  will  remain  alive  until  eggs  are  laid  on  the  food-plant  unless 
this  period  is  so  long  as  to  exhaust  her  vitality. 

What  terminates  an  insect's  life  V  If  we  consider  the  insects  wliich 
escape  their  foes,  which  do  not  die  of  injury,  of  parasites  or  of  disease, 
but  which  die  a  natural  death,  what  brings  about  the  cessation  of  life  V 
Speaking  ver^^  broadly,  the  full  exercise  of  the  natural  functions  of  re- 

production brings  a  speedy  end,  perhaps  from  exhaustion,  perhaps  from 
a  lack  of  vitality  now  that  there  is  no  further  object  in  life.  The  locust 
dies,  if  a  male  after  coupling,  if  a  female  after  the  deposition  of  all  the 
eggs,  though  food  may  be  abundant  and  the  conditions  apparently 
suitable  for  further  life.  The  moth  dies  after  mating  or  laying  eggs,  and 
the  life  of  many  moths  is  limited  to  one  or  two  nights  if  reproduction 
is  effected,  though  it  may  be  much  extended  if  mating  and  egg-laying 
be  not  possible  ;  and  this  is  true  even  of  moths  that  cannot  feed  and  in 
which  the  alimentary  system  is  wholly  undeveloped. 

In  estimating  the  natural  life  of  an  insect,  we  have  to  consider  the 
time  required  to  build  up  the  tissues  of  the  larval  or  nymphal  as  well  as 
those  of  the  subsequent  imaginal  form,  the  time  required  to  reproduce, 
as  well  as  the  conditions  of  food-supply  and  temperature  under  which 
life  is  carried  on.  For  many,  the  conditions  of  food -supply  and  tem- 

perature are  such  that  a  yearly  period  covers  the  whole  life,  there  being 
one  brood  yearly.  For  others,  one  active  season  is  not  sufficient  for  the 
larval  form  to  lay  up  sufficient  nourishment  to  provide  for  the  tissues 
of  the  imago  ;  or  this  may  be  possible  during  the  limits  of  a  season  or  two 
seasons,  but  the  processes  of  transformation  cannot  be  completed  in  time 
to  allow  of  the  imago  to  emerge,  mate  and  lay  eggs  at  a  favourable  sea- 

son and  before  the  rigours  of  winter  or  drought  prevent  the  imago  from 
providing  for  the  young.  Thus  we  get  a  two-year  or  a  three-year  period, 
the  whole  life  from  egg  to  egg  occupying  multiples  of  one  year.  In  rare 
cases  (so  far  as  known)  this  period  may  be  peculiarly  long  and  the  Cicadas 
are  notorious  in  this  respect ;  the  17  years  of  Tibicen  sepindecin,  and 
the  13  jesiTsoi  Cicada  tredecin,  both  American  insects,  are  notorious  in- 

stances. Turning  to  shorter-lived  insects,  we  find  for  instance  the  two- 
brooded  butterflies,  in  which  there  is  one  quick  brood  in  the  rains,  and 
one  longer  brood  which  persists  in  some  form  through  the  cold  and  dry 
weather  till  food  is  again  available  on  the  coming  of  the  rains  or  perhaps 
at  the  opening  of  the  buds  in  spring.  From  these,  a  large  class  probably, 
we  come  to  those  which  have  several  broods  in  the  limits  of  the  hot 

weather  and  rains  and  which  have  one  longer  brood,  with  a  long  inactive 

period  in  the  colder  weather.  The  active  periods  in  these  cases  are  the 

same,  but  one  brood  must  pass  through  the  long  inactive  period. 

We  come  finally  to  normally  very  short-lived  insects  such  as  many 

Diptera,  in  which  the  egg.  the  larval,  the  pupal  and  the  imagmal  life 

are  contained  within  perhaps  U  days,  the  actually  known  shortest 

being  about  7  days.    For  these  insects  life  may  be  long,  but  given  the  op- 
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timum  temperature,  plentiful  food,  abundant  flies  hatching  out  together, 
and  a  suitable  food-supply  for  the  young,  on  which  the  parent  may  lay 
eggs,  the  period  is  reduced  to  the  least  possible,  the  egg  hatches  quickly, 
the  larva  quickly  lays  up  food,  the  transformation  is  quickly  accomplish- 

ed and  the  flies  quickly  find  mates.  It  will  serve  no  useful  purpose  to 
attempt  to  summarise  more  closely  than  above,  but  we  may  indicate  briefly 
the  characteristics  in  this  respect  of  some  of  the  larger  groups,  with 
regard  to  Indian  insects  primarily,  but  where  our  knowledge  fails,  to  the 
group  as  a  whole.  The  known  Cicadas  are  the  longest,  the  known  Dro- 
sophilides,  (^ulicides  and  some  other  Diptera  the  shortest.  Blattids  ap- 

pear to  be  long,  four  years  or  less  for  some  species.  Mantidce  are  pro- 
bably at  most  two-brooded  in  the  year,  many  probably  one-brooded. 

The  same  is  probably  true  of  Phasmids  ;  Acridiids  require  one  year,  or 
have  two,  three  or  four  broods  yearly,  probably  more  only  in  rare  casen 
(such  as  Chrotogonus  &nd  Atractomorpha).  Locustidce  are  probably  one- 
brooded  in  most  cases  and  nothing  is  known  of  (Jryllids,  though  there  is 
reason  to  believe  that  some  are  many  brooded,  most  one-brooded. 

Most  of  the  known  aquatic  Neuroptera  seem  to  be  two  or  more 
brooded,  images  appearing  several  times  in  the  year  and  the  period  in 
EphemeridcB.  for  instance,  is  probably  normally  short  enough  to  give 
several  broods  yearly.  The  larger  Neuropkra  Planipen'n'ia  are  apparent- 

ly one-brooded,  but  the  predaceous  Hemerobiides  and  Chrysopides  are 
many  brooded.  Predaceous  land  Neuroptera,  like  many  other  preda- 

ceous forms,  seem  to  have  the  power  of  enduring  long  fasts  and  the  life- 
history  may  be  much  prolonged  accordingly. 

TenthredinidcB  are  many  brooded  so  far  as  known,  and  the  period 
for  many  parasitic  Hymenoptera  is  very  short,  shorter  than  that  of  their 
hosts  in  many  instances.  Aculeata  have  short  lives,  several  broods  usual- 

ly being  produced  in  a  year,  and  here  we  have  an  instance  where  the  com- 
pletion of  sexual  functions  does  not  bring  death,  since  workers  have  none  ; 

their  life  is  however  not  long,  the  worker  being  exhausted  within  a  com- 
paratively short  time  (in  the  bee  six  weeks).  A  large  number  of  Cokop- 

tera  require  a  year  for  complete  life  and  many  emerge  as  imagines  only 
at  one  season  yearly.  This  does  not  apply  to  Coccinellidw,  to  some  Bu- 
preatidcB,  to  household  and  grain  beetles,  to  some  Chrysomelidoe  and 
Curculionidce  (e.g.,  Apoderus,  Hypera,  Cionus).  On  the  other  hand, 
many  Carabidce.  Cicindelida,  Scarcwceidce,  the  larger  ElcUtridce  and  Bu- 
preatidoB,  Canthandw  and  many  Curculionidw  have  a  period  of  at 
least  of  one  year ;  while  some  Cerambydda,  the  large  forms  of  Lucanidw 
and  Scarabaida,  probably  require  more  than  one  year.  In  Lepidoptera 
we  have  some  which  require  but  a  month,  and  complete  six  to  eight 
broods  yearly,  and  those  which  reqliire  a  year  and  emerge  once  only ; 
but  the  majority  have  at  least  two  and  many,  more  than  two  broods. 
Our  ignorance  of  Diptera  is  profound,  but  the  order  certainly  includes 
some  of  the  shortest  lived  and  probably  few  really  long-lived  ones .  Per- 

haps Diptera  are  summed  up  best  by  saying  that  the  majority  have  short 
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lives  if  food  is  plentiful  but  long  ones  if  it  is  not,  and  some  species  normal- 
ly have  long  lives  (special  parasites,  such  as  Bomhyliids,  Conopids). 
Few  Hemiptera  have  been  reared,  and  we  must  fall  back  on  what  is 

known  of  the  periods  at  which  the  imagines  appear.  A  few  Pentaiomt- 
dcB  appear  to  breed  often  in  a  year,  whilst  some  are  probably  two-brood- 

ed, a  rains  and  a  dry  weather  brood ;  some  are  probably  only  one- 
brooded.  The  same  is  probably  true  of  Coreidce.  Li/ijceidce  and  Pijr- 
ZiocondoB appear  to  include  more  species  which  breed  several  times,  as  do 
the  Tingidw.  Reduviidae  are  probably  few  brooded,  as  well  as  Capni- 
dcB,  but  the  latter  in  some  known  cases  breed  quickly, 

CicadidcB  possibly  all  require  at  least  one  year,  while  some  are  very 
long-lived,  and  it  is  quite  possible  that  our  Indian  species  follow  the 
examples  of  the  known  long-lived  ones.  The  smaller  Homoptera  (Fulgori- 
dm,  MembracidcB,  Cercopida)  are  probably  two  or  more  brooded,  but 
it  is  doubtful  if  any  have  more  than  four  broods  yearly  owing  to  the  lack 
of  food.  Aphidce  are  comparatively  short  lived  with  plenty  of  food,  but 
as  they  are  viviparous,  an  aphis  may  often  live  to  be  surrounded  by  sever- 

al generations  of  children,  grandchildren,  and  so  on.  Given  good  cir- 
cumstances the  number  of  broods  in  a  year  may  be  very  large,  without 

the  life  of  the  insect  itself  being  naturally  very  short.  Aleurodidrp  and 
CoccidcB  are,  for  so  small  insects,  apparently  long-lived,  but  they  appear  on 
the  whole  to  have  several  broods  a  year,  while  some  are  only  one -brooded. 

The  student  will  recognise  that  so  brief  a  summary  is  of  little  value 
save  as  a  suggestion  and  as  an  indication  of  the  scope  of  the  relative  life. 
Further  details  are  given  under  each  family. 

There  are  two  methods  of  finding  the  length  of  life  of  insects,  one 
the  actual  rearing  or  observation  of  the  living  insect  in  all  stages,  the 
other  the  knowledge  of  the  seasons  at  which  the  imago  a})pears  and  the 
length  of  its  life  ;  an  insect  that  appears  but  once  yearly  may  have  a 
yearly  period  or  one  in  multiples  of  years,  but  cannot  have  a  less  period 
than  a  year.  The  duration  of  life  in  the  long-lived  American  Cicadas 
was  deduced  from  the  years  in  which  the  imagines  appeared  abundantly, 
a  matter  of  such  importance  that  records  extending  back  many  years 
gave  the  necessary  information. 

SlALID.«. 

Wings  of  nearly  equal  size,  hind  unngs  not  folded   (rf.  Perlidw).  at  an 

angle  over  the  abdomen  when  in  repose.    Antennm  long.    The  uings 

are  not   closely    reticulate    (cf.    HemerobiidcE).     Tarsi   pe-jointed. 

Larva  aquatic,  with  a  quiescent  pupa. 

A  small  group  of  moderate-sized  insects,  distinguished  by  the  wings 

and  five- jointed   tarsi  from   the  PerHd(P  which  most  resemble  them
. 
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There  are  two  sub-families,  SialincF  with  quadrangular  jirothorax  and 
RafhidnncB  with  elongate  prothorax. 

Fig.  62.— COBYPALIH  A8IATI0A. 
{From  Wood-Ua$on.) 

Of  the  former  the  larvae  of  the  known  species  are  aquatic,  hatching 

from  eggs  laid  near  the  water  ;  the  larva  has  biting  mouthparts,  a  con- 

spicuous head,  long  legs  and  the  abdomen  has  a  jointed  gill-process  on  the 
side  of  each  segment.  They  are  probably  predaceous  and  live  for  choice 
in  mud.  Only  a  smalt  number  of  species  are  known.  Corydalis,  the 

very  large  Sialid,  common  in  America,  is  recorded  by  Wood-Mason  in 
India,  Corydalis  asiatica,  W.  M.  (fig.  62),  being  found  in  the  Naga  Hills. 

(Proc.  Zool.  Soc,  1884,  p.  110.)  Chauliodes  svhfasciatus  Westw.  is 

figured  in  Cabinet  of  Oripntal  Entomology ;  C.  maculipennis  Gr.  (Griffiths' 
Animal  Kingdom,  pi.  72,  fig.  1)  is  also 
known  from  India.  Three  other  species  of 
Chauliodes  are  described  by  MacLachlan, 
Weele  and  Walker,  and  8  species  of 
Neuromva  by  MacLachlan,  Weele.  Walker 

and  Eambur,  all  from  the  Himalayas  or 
Assam. 

Fi(j.  6.3.— Ohauliodrs  Of  the  Ravhidiincp,  none  are  known  in 
MA0ULIPENNI8. 

{J/ttr  CuvUr.)  india. 
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PANORPiDa;.— /Soorpton  Flws. 

Head  prolonged  into  a  distinct  beaJe  with  hiting  monthparts.  Two  pairs 

of  wings  of  equal  size  held  at  an  angle  (or  wingless.)  The  male 
with  the  apex  of  the  abdomen  turned  up,  the  apical  joint  swollen,  as 

in  a  scorpion.    Tarsi  five-jointed. 

These  singular  insects  are  at  once 

recognizable  from  the  peculiar  head. 
They  are  of  moderate  size,  found  flying 

in  wooded  places,  and  easily  distinguish- 
able. The  antenna*  are  long;  the 

wings  moderately  large  and  held  out 
from  the  body.  The  abdomen  is 

long,  in  the  male  turned  up  as  in  a 

scorpion's  tail,  in  the  female  straight 
and  tapering. 

The  common  Indian  species  are  apparently  similar  to  the  European 

form,  whose  life  history  is  known  ;  the  eggs  are  laid  in  a  mass  in  the 

ground  ;  from  them  hatch  larvse  in  the  form  of  caterpillars,  which  feed 

upon  decaying  vegetable  matter  usually  underground ;  the  larvse  have 

Fig.  64-.PAKOBPA  FURi'AT*. 
{After  Hariiimrke.) 

Fig.  66.— Panorpa  fchcata. 

[A/In-  Bar(lirick(.) 
Fig.  66.— Panobpa  fdkoata:  hkad. 

(After  Hardwickt.) 

imperfect  suckerfeet  as  well  as  jointed  legs  and  there  are  velvet
y  spots 

or  spines  on  the  segments.  Pupation  takes  place  in  the  so
il.  The  ima- 

gines of  both  the  observed  Indian  species  are  predaceons  and  very^ao
tive  ■ 

IIL 

10 
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Mi/rmekonincp.  Ant-lions.  Recognisable  by  the  short  dubbed 
antennse  ;  the  wings  are  usually  large  and  of  ecjual  size,  often  very  much 
marked  with  brown  and  black. 

rig.  67.— Mykmeleonid  ;  i.abvj*,  x  )2;  kmpty  pcipa  oahe  projectin(!  pkom 

rOfOOIf  AFTER  EMEKl.rNOK,    X   12.     PlT  OF  THE  l,AU\A,    X  1. 

These  large  and  somewhat  ungainly  insects  have  a  wing  span  of 

three  inches  in  the  larger  forms,  the  smaller  of  half  that  length.  The 

colouring  is  sombre,  brown  predominating.  The  head  is  large  and  dis- 

tinct with  large  compound  eyes.  The  mouthparts  are  biting  with  long 

palps.     The  thorax  is  robust,  often  very  hairy.    The  wings  are  long,  of 
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they  haunt  shady  places  among  bushes  and  under  trees  and  attack  com- 
paratively large  insects.  These  insects  are  uncommon  and  little  is  rec- 

orded about  them.  A  pretty  species  marked  with  blue  is  common  on 
the  Western  Ghauts  in  the  rains,  and  a  brown  species  is  found  in  the 

Khasi  Hills.  Hardwicke  describes  a  species  from  Nepal,  figures  of  which 

are  reproduced  here.  (Trans.  Linn.  Soc. ,  XLV,  p.  1 32.)  It  is  common  in 
theE.  Himalayas,  and  has  aresemblance  to  a  large  Tchneumonid.  BiUacus 
IcUipennis  Gerst.  is  described  from  Darjeeling  (M.  T.  Vorpomn.  XVI.  }). 
20,  1885).  Probably  others  will  be  found  when  the  family  comes  to  be 

observed,  and  it  will  be  possible  to  see  how  far  their  life  history  agrees  with 
that  outlined  above. 

Hemerobiid-E. 

Wings  nearly  equal  in  size,  many-veined  and  held  at  an   angle  over  the 
abdomen.    The  hind  iritig  not  folded.    Antennce  well  developed. 

Tarsi  five-joinled.    Larva  with  suctorial  mandibles, 
pupa  in  a  cocoon  of  silk. 

This  is  a  miscellaneous  assemblage  of  easily  recognised  insects,  united 

by  the  life  history  and  larval  trophi.  The  adults  differ  greatly  in  a})j)ear- 
ance,  but  form  a  distinct  family.  It  is  possible  that  the  family  will  bo 
confused  with  the  Sialidoe,  unless  the  studentis  familiar  with  the  latter. 

The  essential  differentiating  character  is  that  in  Sialidce  the  wings  are 

not  densely  reticulate,  whereas  they  are  so  in  Hemerobiidce  (except 
Conicpteryx). 

As  a  rule,  the  different  forms  of  Htmerohiidoe  are  so  distinct  that  they 

can  be  recognised  at  sight,  but  the  above  is  apparently  the  only  true  struc- 
tural distinctive  character  in  the  imago. 

As  the  habits  of  the  seven  sub-families  are  distinct,  we  propose  to 
discuss  each  in  turn. 

^yrmeleonincB.    Short  knobbed  antennse, 
Ascah^phince.       Long        „        ,, 
Nemopterincp.      Hind  wings  almost  linear. 

MarUispincB.       Forelegs  raptorial. 
Hemerobiince.      Antennae  moniliform. 

ChrysopincB.  „       setaceous. 

Coniopterygincp.    Minute.    Wings  powdery. 
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nearly  equal  size,  with  a  great  number  of  veins.  The  larger  species  have 

large  red-brown  or  black  blotches  on  the  wings,  the  smaller  have  hyaline 

immaculate  wings.  The  abdomen  is  long  and  slender,  stretching  be- 

tween the  long  wings  which  are  held  in  a  sloping  manner  over  the  abdo- 
men. The  legs  are  comparatively  short,  robust  and  spiny,  enabling 

the  insect  to  cling  tightly  to  plants.  Males  and  females  are  similar  in 
appearance,  as  a  rule,  the  male  sometimes  distinct  by  the  possession  of 
two  cerei. 

The  life  history  of  the  known  species  is  uniform  throughout  the 

group.  The  eggs  are  laid  in  sand  or  earth  ;  the  larva  that  issues  is 
flattened,  the  head  large  and  flat,  the  thorax  and  abdomen  stout.  The 
head  is  elastically  attached  to  the  prothorax  and  has  a  large  degree  of 
motion.  Projecting  in  front  of  the  head  are  immense  jaws,  long  and 
curved,  which  are  made  up  of  the  tnie  mandibles  and  maxillee  combined. 

The  slender  maxilla  lies  in  a  groove  of  the  lower  side  of  the  mandible,  and 
the  two  together  form  an  imperfect  tube,  liquid  ascending  between  the 
two  structures  into  the  mouth.  This  is  an  adaptation  which  enables  the 
insect  to  suck  the  blood  of  its  victims  and  food  is  taken  in  no  other  way. 

The  larvsp  live  a  free  wandering  life  or  live  in  pits  in  sand.  The  free- 
living  ones  lurk  among  vegetation  and  capture  small  running  insects. 

They  are  a  portion  of  the  surface  living  insects  which  are  so  abundant 
in  dense  vegetation.  Some  species  are  common  in  damp  localities,  the 

imago  found  in  long  grass,  the  larvae  living  a  free  life  in  the  grass  and 

Fig.  68.— Mybmeleo  singularb. 

capturing  insects.  The  most  familiar  species  live  in  pits  in  sand ;  the 
larva  prepares  these  pits  in  a  very  ingenious  manner.  It  commenceB 

by  going  round  in  a  circle,  moving  backwards,  its  body  making  a  furrow 
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in  the  soil ;  with  its  broad  head  it  throws  out  sand,  and  by  working 
steadily  round  in  a  spiral  it  gradually  excavates  a  round  pit,  with  sloping 
sides,  and  buries  itself  at  the  bottom.  It  then  lies  there  motionless,  its 
head  at  the  bottom  of  the  pit ;  should  an  unwary  insect  walk  over  the 
edge  of  the  pit,  the  sloping  sides  impede  its  exit  and  the  ant-lion  throws 
sand  at  it  by  jerking  its  broad  head.  Sooner  or  later  the  insect  comes 
within  reach  of  the  jaws  and  is  seized,  sucked  out  and  the  dried  shell 
thrown  out.  Ants  form  a  large  part  of  its  diet,  as  they  are  incessantly 
running  over  the  soil,  and  the  pits  are  apparently  adapted  to  catch  them; 
larger  insects  escape  readily.  This  life  is  an  interesting  one  and  food 
appears  to  come  only  at  long  intervals.  One  might  hold  up  this  insect  as 
a  type  of  patience  ;  they  are  able  to  endure  long  fasts  and  an  occasional 
ant  every  week  or  so  is  apparently  sufficient  to  keep  captive  specimens 
alive.  They  live  only  in  dry  sand  and  make  new  pits  if  occasion  arises. 
Near  houses  these  pits  are  common,  and  when  rain  comes,  or  when  the 

rainy  season  sets  in,  the  new  pits  are  made  under  the  lee  of  the  house 
where  rain  will  not  wet  the  sand. 

When  the  Pusa  Laboratory  was  in  course  of  erection,  there  were 

numerous  pits  in  the  dry  sand  spread  over  the  newly  floored  verandahs  ; 

the  reason  they  were  there  was  apparently  that  the  sand  was  dry,  all  the 

outside  earth  being  soaked  with  the  rains,  but  what  food  these  insects  got 

was  not  apparent  as  no  insects  wei'e  found  there. 
Pupation  takes  place  in  a  cocoon  in  the  sand  or  soil  near  the  pit ; 

the  pupa  has  mandibles  with  which  it  can  cut  through  the  cocoon  which 

consists  of  silk  and  particles  of  sand.  It  is  noticeable  that  this  silk  is 

produced  from  the  apex  of  the  abdomen.  The  length  of  the  life  history 
is  not  known ;  images  are  found  at  all  times  from  March  to  November. 
The  imago  flies  clumsily  but  swiftly,  and  though  nocturnal,  is  frequently 

seen  flying  in  the  day  in  long  grass.  An  unpleasant  odour  is  diffused 

from  their  bodies  when  they  are  handled,  not  an  aromatic  odour  as  in 

the  Hemiptera  but  an  unpleasant  one,  suggesting  carrion.  Light  is  an 

attraction  and  many  can  be  caught  in  houses  and  at  light.  A  number 

of  species  occur  in  India,  but  the  usual  darkness  seems  to  shroud  their 

nomenclature  and  classification.  Two  species  of  Palpares,  seven  of 

Mijrmeleo  and  one  of  Formicaleo  have  been  described  from  India  by 

Rambur  (1842)  and  Gerstacker  (1893  and  1884).    Myrineleon  aingulare, 
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Westw.  is  one  of  the  commoner  species,  a  very  noticeable  insect, 

figured  and  described  in  1847  (Cab.  Or.  Ent.,  pi.  XXIV,  fig.  4).  M.  far- 
dalis  F.  and  M.  Pundatus  F.  from  the  East  Indies  are  figured  in 

Donovan's  Insects  of  India. 

Ascalaphince—Di^eT  from  Myrmelconina-  in  having  long  antenna?, 
also  clubbed. 

Klg.  69.— HEUCOMIiUh  IIICAX. 

This  hmall  family  is  at  onre  recognisable  in  the  winged  stage.  The 
insects  are  of  the  same  general  structure  as  the  Myrmehonince,  but  with 

long  antenuffi  held  straight  out  from  the  head,  clubbed  at  the  tip.  The 
wings  are  less  elongated  and  only  with  few  markings.  The  eyes  aie 
usually  divided  across  by  a  distinct  line  as  if  the  upper  and  lower 
halves  functioned  separately. 

The  life  history  differs  in  detail  only  from  that  of  the  Myrmeleonincp 
so  far  as  is  known.  The  eggs  were  found  laid  on  a  lucerne  stem,  a  num- 

ber of  little  eggs  in  a  row ;  each  egg  is  cylindrical  and  truncate  at  the 
ends.  Small  active  larvae  emerged,  whose  appearance  is  best  learnt  from 

the  figure.  They  were  fed  on  aphides,  the  aphides  being  seized  in  the 

sharp  mandibles  and  sucked  out.  These  larvae  died  as  the  right  food  or 

conditions  had  not  been  foimd.  (Others  are  being  reared  on  a  greater 
variety  of  insects).  Other  similar  larvae  are  found  leading  a  free  life  in  the 
fields  ;  the  thorax  is  broadly  joined  to  the  abdomen,  the  head  not  mov- 

ably  jointed  to  the  thorax  as  in  the  ant-lions.  A  larva  was  found  on  the 
bark  of  a  tree ;  it  remamed  motionless  on  the  bark  without  food  for  two 
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months  and  ail  endeavourh  to  feed  it  or  rear  it  failed.  An  invehtigation 
into  the  habits  of  these  larvae  in  the  field  would  yield  interesting  results, 

and  it  is  possible  that  they  play  an  important  part  in  checking  some 

insects.  The  imagines  are  found  iiying  under  trees>  or  in  grash  and  arc- 
apparently  principally  crepuscular  in  habit. 

Westwood  describes  the  following  species  of  Ascalaphus  (Cat.  Or. 

Entom.,  ]ft47),  and  figures  the  first  three  : — 

A.  tessellatus  (pi.  XXXIV,  fig.  1),  A.  nerjmentator  (pi.  XXXIV,  fig.  2), 

A.  canifnms  (pi.  XXXIV,  fig.  S),  A.  denhfer,  A.  angulatus.  A.  olm'vniii. 
No  species  had  been  previously  described  from  India  and  ten  have 

been  since  added.     (Weele  in  Selys  Collection,  1!)08). 

FiR.   70.-ASOALA1'HII)  LAKVA,   X   IS.  FlC  71.-E(.0s  OF  ASCALAPHII),    K  2 

Nemo'pterincB.—Ihe  hind  wings  tne  long  and  very  narrow,  project- 

ing backwards  beyond  the  body. 
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A  single  species  of  this  remarkable  group  is  found  abundantly  in 
houses  in  India,  flying  about  rooms  in  the  dusk   (fig.  72).    We  have 

Fip.  72.— Nbmopterid,  k  3. 

observed  it  three  years  in  succession  in  April  and  at  no  other  time.  The 

insect  is  a  very  graceful  one,  flying  with  a  weak  fluttering  motion  and 

hovering  socially  much  as  the  mosquitoes  do.  A  single  larva  of  the  type 

described  as  Nemopterous  was  found  in  a  house  in  India;  the  charac- 

teristic is  the  immensely  long  thin  neck 

carrying  the  round  head  and  formidable 

jaws  (fig.  73). 

There  is  little  reason  to  doubt  that 

the  larva  of  this  Nemopterid  lives  in 

our  houses  and  is  probably  predaceous  on 
small  forms  of  life  ;  careful  search  in 

odd  comers  and  dusty  places  will  pro- 

bably reveal  the  larva  and  clear  up 

the  life  history  of  this  insect.  Nemoptera 

fiUpetmia,  Westw.  is  described  and 

figured  (Cab.  Or.  Entom.,  pi.  XXXIV, 

fig.  6)  from  Central  India. 
Pig.  73.— Nemopterid  laeva. 

(A/ltr  Sotue.) 

MantispincB. — Forelegs  predaceous  after  the  manner  of  a  Mantis. 
These  obscure  insects  appear  to  be  found  but  seldom  in  India,  one  spe- 

cies beiitg  known  to  occur  in  the  plains.    The  imago  has  two  pairs 
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green    Chrysopa,  but   may  be  found  in  cotton  fields  generally  in   the 

plains. 

Chrysopince. — The  antennae  filiform.    One  species  of    this  group 

is  common  throughout  the  plains,  a  delicate  green  insect  with  shining 

Fip.  76.-CHRybOPA  i.aiiva,  wnii  its  «omsri>(j  or  skins. 
(F.  M.  H.). 

eyes  which  diffuses  an  unpleasant  odour  on  being  handled.  Here  and 
there  about  the  fields  one  sees  little  clusters  of  white  eggs,  each  egg  on  a 

separate  long  slender  stalk.  (A  Himalayan  sj;ccies  lays  the  eggs  so 

close  together  that  the  individual  stalks  coalesce  and  one  finds  a  little 

bunch  of  eggs  on  a  compound  stalk).    The  clusters  are  everywhere, 

Fig.  77.— Eoas  of  OHKYbOPA. 
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Fig.  74.— Mantispa.  x  2. 

of  hyaline  wings,  a  rather  slender  body  and  the  posterior  legs  fitted  for 
walking.    The  forelegs  have  the  tibia  bent  back  upon  the  femur  as  in  the 

Nothing  is  known  of  the  life  his- 

tory of  our  species  ;  Brauer  records 

that  one  European  species  lays  stal- 
ked eggs,  as  do  the  HemerobiidcB,  and 

that  the  larva  finds  its  way  to  the 

egg-mass  of  a  spider  and  there  feeds 
on  the  eggs  and  young  spiders  ;  it 

pupates  in  the  web  that  contained 

the  spider's  eggs,  and  the  pupa,  when  ready  to  transform,  pierces  its 
cocoon  and  the  spider's  web,  the  imago  then  emerging.  Glenurus  pnpil- 

latus'ii&va.s.yMantiaparwficolUsl^a.vas.,  andM.  Hamihonella,  Westw. 
have  been  described  from  India,  as  also  has  M.  nodosa,  Westw.  which 

occurs  in  Assam  and  is  figured  by  Westwood  (Cab.  Or.  Entom.,  pi,  XX IV, 
fig.  7). 

HemerohiincB.—  I'he  antenn*  moniliform. 

This  sub-family  includes  two  types  of  insects,  of  which  some  of  each 

are  known  in  India.  The  Sisyrini  live  as  larvse  in  freshwater  sponges, 
and  Annandale  has  recorded  one  as  having 
been  found  in  this  situation  in  Calcutta.  The 

student  should  consult  Sharp's  volume,  where 
there  is  a  good  figure  of  the  larva.  Osmylus 

perspicillaris.  Gerst.,  0.  lamjii  Mad.,  0. 
lineaticollis^AcX.,  and  Dilar  Hornet  Macl.,  are 

Indian  species.  The  Hemerobiini  are  represen- 
ted by  one  delicate  brownish  insect  whose  larva 

feeds  on  the  cotton  aphis.  The  life  history 

differs  only  in  detail  from  that  of  Chryaopa  in 

the  next  sub-family  ;  the  eggs  are  laid  on  stalks ; 
the  larva  is  naked  and  feeds  voraciously  on 

aphides,  sucking  them  out  with  its  long 
mandibles.      In    this   species  pupation  takes 
place  under  a  very   delicate  web   on  a  leaf.       ~    „.    „ 
^  •'  Tig.  76,— Hehebobin»< 
This  insect  is  less  common  than  its  ally,  the  lakva. 
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on  weeds,  on  the  cotton  plant,  on  the  ground,  and  if  one  watches  care- 
fnlly  in  the  dusk,  one  may  see  a  long  green  fly  laying  them  some  fifteen 
to  twenty  in  a  little  cluster.  In  a  fewdays  (a  little  over  a  week),  these 
eggs  hatch,  the  thin  shell  bursting  at  the  tij)  to  allow  the  little 
creature  to  emerge  ;  it  sits  on  the  egg  shell  on  the  top  of  the  stalk 
till  it  has  recovered  from  its  cramped  position  in  the  egg  and  then  runs 
off  looking  for  aphis.  It  is  a  \ory  active  creature,  with  long  legs,  a 
slender  body  set  with  spines  and  a  pair  of  long  curved  mandibles  on  the 

Fig.  7».— Egg  and  larva  of  cHiasorA. 

head.  It  is  most  voracious,  catching  the  aphides  in  its  hollow  mandibles 

and  sucking  out  the  juice  of  their  body.  Having  emptied  the  skin,  it 

puts  it  on  its  back,  where  the  long  spines  hold  it,  and  eats  the  next 

aphis.  This  process  continues  indefinitely  throughout  ihe  larval  life 

of  the  little  creature  ;  it  moves  about  with  a  large  heap  of  the  skins  of 

its  victims  on  its  back,  and  it  is  no  easy 

matter  to  make  out  what  one  has  got  hold 

of  when  one  sees  this  extraordinary  mass 

running  over  tho  cotton  plant.  At  the 

periodical  moult  it  gets  rid  of  the  accu- 

midation  of  skins,  which  by  no  means  in- 
cludes those  of  all  its  victims  and  starts  a 

fresh  covering.  Their  voraciousness  is 

very  great  and  in  captivity  the  single 

larva  required  on  an    average  some   ICO 
Fig.  79.— OOOOON  OF  CHKY^OPA.  j       i         r      J  rrt.- 

aphides   for  one   day  s    food.     This   is 
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probably  not  more  than  they  eat  when  living  freely  on  the 

plant ;  they  feed  very  rapidly  and  voraciouBly  and  we  can  quite  believe 

the  number  of  victims  in  a  day  to  be  much  larger.  Finally,  after  eight 

days'  feeding,  its  voraciousness  is  satisfied  and  it  settles  down  in  a  quiet 
place  to  spin  its  cocoon  and  turn  into  the  chrysalis.  This  is  done  on 

the  plant  and  the  chrysalis  remains  in  it  for  about  one  month.  The 

cocoon  is  a  tough,  white  oval  structuie,  built  of  silk,  and  when  the  fly 

is  ready  to  come  out,  the 

top  comes  ofE  as  a  neat 

little  lid;  there  is  probably 

a  line  of  weakness  in  the  co- 

coon when  originally  made, 

so  that  the  top  will  come 

off  neatly  and  allow  the  fly 

to  emerge.  The  fly  is  a 

familiar  insect  with  greeji 

head  and  body,  bright 

golden  eyes  and  long  un- 

gainly wings,  which  look  mudi  too  big  for  it.  One  sees  them  flying 

about  in  the  dusk  or  in  the  day  time  if  disturbed,  and  like  many  other 

insects,  the  attraction  of  a  lamp  is  usually  too  much  for  them.  No 

Indian  species  appear  to  have  been  recorded. 

Coniopteryginw.—  Small   delicate   insects,   in  which   the  wings  are 
covered  with  a  white  powdery  secretion. 

Fi({.  80.  -t;HR\M)PA.    X  •>. 

Fig.  81.— SPILOCgBB  GUTTATA. 
(From  MtuierUiin.) 

These  delicate  insects  are  just  know  n  to  occur  in  India,  a  few  indivi- 

duals having  been  captured  flying  and  on  a  bair  tree  in  Surat  and  among 
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pine  and  deodar  in  Simla.  An  account  of  what  is  known  of  the  life  history 

will  be  found  in  Sharp's  insects.  They  will  be  confused  with  Alevr- 
odidm  if  not  carefully  examined  ;  the  mouthparts  are  well  developed 

with  prominent  palpi  ;  the  wing  venation  is  comparatively  complex  and 

the  tarsi  five-jointed.    The  wings  are  white,  the  body  red  in  one  species 
Enderlein  has  listed  the  family  (Genera  Insectorum,  1008);  no 

Indian  species  are  recorded.  He  states  that  the  larvte,  after  feeding 

on  Ooccids,  spin  a  web  by  means  of  anal  spinnerets  and  rest  under 

it  till  spring,  when  they  pupate  and  emerge. 

Collecting. — Special  methods  of  collecting  are  not  required  in  tiuf. 
family,  but  great  care  must  be  taken  to  preserve  the  specimens  from 

damp  as  in  all  groups  of  Neuroptera.  Myrmeleonides  and  Ascalaphides 

are  on  the  wing  once  a  year  and  come  to  lights.  Nemoptends  come  out 

in  houses  at  dusk  and  dance ;  the  remainder  must  be  sought  for  in  their 

haunts.  Any  killing  bottle  is  good,  so  long  as  it  is  quite  dry.  Good  series 

t)f  all  species  are  required,  and  in  this  group  there  is  very  much  biological 

woj'k  to  be  done  before  we   ran  fully  estimate  the  value  of  this  family. 

Trichoptera. — Caddis  flies. 

Wings  hairy,  the  hind  inng  larger,  with  a  folded  anal  area.    Coxce  long 

and  contigvous.    Antennae  long,  tarsi  five-]otnted. 

The  family  can  be  distinguished  by  the  above  characters  with  some 

doubt,  since  the  hairiness  of  the  wings  is  not  always  noticeable.    They 

Flir.  8'.'.-  MaCRONBMI  P48TD0SUM  WtK. 

(/')  om  Olm«r,) 
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are  rather  delicate  insects,  moth-like  in  appearance,  but  with  the  wings 
sloped  over  the  abdomen  when  at  rest.  The  antennae  are  long.  We 
are  aware  of  no  observations  on  these  insects  in  India,  other  than  the 

descriptions  of  species.  Their  biology  appears  to  be  untouched.  In 

general,  the  larvse  live  in  fresh  water  in  cases,  made  of  a  great  variety  of 

materials,  including  silk,  stones,  vegetable  matter,  shells  of  molluscs,  etc. ; 

each  species  makes  its  special  form  of  case,  in  which  the  larva  lives. 

The  larva  is  somewhat  caterpillar-like,  with  a  terminal  pair  of  processes 

or  hooks  to  fasten  it  to  the  case,  with  blood-gills  of  a  variety  of  kinds  to 

secure  respiration.  They  are  believed  to  be  vegetarian,  and  while 

one  at  least  is  injurious  to  the  "  water-cress  "  grown  in  Europe, 
none  are  known  to  be  injurious  to  India. 

The  student  of  this  group  should  read  the  chapter  in  Sharp's  Insects 

and  the  account  in  Miall's  Aquatic  Insects  ;  it  is  to  be  hoped  that  the 
family  will  be  investigated  in   India  ;  the 

number  of  plain's  species  appears  to  be 
small,  but  very   little  is  known  and  the 

group    has    not   been    studied.     Wood- 
Mason  recorded  a  species  which  produced 

460  living  young  ones  when   artificially     j 

stimulated.    Apparently  this  is  the  normal     i 

habit  of  this  Caddisfly,  which  is  provi- 

sionally  named    by    him     NotanatoHca 

vivifara  (Ann.   Mag.  Nat.  Hist.,  1890,   G 

ser.,Vol.  VI,  p.  189).    Morton  describes  a 

Htfdroptilid  from  the  Khasis  as  Jihytrichia 

violacea,  remarking  that  it  is  the  largest 

of  the   sub-family  with   an   expanse  of 

12-14  m.m.  (E.  M.  M.  1902,  p.  283).    He 

also    describes    Khasi  Rhyacophilids  in 

Trans.  Ent.  Soc.  London,  1900,  p.  ].    In 

all,  some    61   species  are  recorded  from  Fir.  8.').~Caiidi8  larva,  w  cask. 
India,  Burma  and  Ceylon,  the   majority       "  25.   From  balsam  klide. 
from  the  last  locality,  most  of  the  remain- 

der from  the  hills. 
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15i) The  following  are  recorded  from  India  by  Ulmer  (Zeitsrhr.  Wiw. 

Insectenbiol,  1905,  pp.  16,  68,  119,  and  Genera  Insectorum,  Trichop- 
tera,  1907). 

1.    Phryganeidse 1. 

2.    (Limnophilidse). 
3.    Sericostomatidse 2. 

3. 

4.    Leptocerida^ 

4. 

5. 
Hydropsychid  v 

9. 

10. 
11, 

12. 

(). 
Polycentropidie 13. 

J  4. 

7. Philopotaniida> 
15 16. 

8. 
Rhyacophilidaj 

17. 

18. 19. 

20. 
21. 

22. 
23. 

9. 
Hydroptilida; 24. 

25. 

Neuronia  maclachlani,  Wli.  (India). 

Dinarthrodes  armata,  Ulm.  (Assam). 

Dinarthrorum     ferox,    Macl.    (North 
India). 

Dmarthrella    destructor,  Ulm.    (Darjce- ling). 

N(A,anatolica  magna,  Wlk.  (India,   etc.). 

Notanatolica  vm'parn,  W.  M.  (Calcutta). 
Leptocerus  indicus,  Wlk.    (Bengal,  its 

systematic  position  doubtful). 

Setodes    argentifera,    Macl,  (North-Wes- 
tern India). 

Polj/morphanismus    niqriarrnis,    Wlk. 

(North  India). 

Aethaloptera  sexpunctata,  Kol.  (India). 

Hydropsyche  asiatica,  Ulm.  (Sikkim). 

Hi/dropsyche  luctunsus,  Ulm.  (Sikkim). 
Plectronemia  aurea.  Ulm.  (Sikkim). 

Plertronemia  navasi,  Ulm.    (Sikkim). 

Dipseudopsis  indica,  Macl.  (India). 

Stenopsyche  (jriseipetmis,  Mad.  (India, 
etc.). 

Rhifaxophih  anatina,  Nort   (Khasis). 

Rhj/acophila  curvata,   Mort.    (Khasis). 

Rhyacophila  inconspicva,  Mort.  (Khasis), 

Rhyaeophila  lanreolata,  Mort.  (Khasis). 

Rhyacophila  scissa,  Mort.  (Kliasis). 

Rhyaeophila  tecta,  Mort.  (Khasis). 

Rhyacophila  naviculata,  Mort.   (Irichi- 
nopoly). 

Ithylrichia  vwlacea,  Mort.  (Khasis). 

Melanoiruhia  singularis,  Ulm.  (India). 
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retrusible  ovipositor  and  single  trochanter,  the  former  with  thi
ee  to 

five  visible  ventral  segments  and  an  ovipositor,  the  latter  wi
th  the 

abdomen  of  more  than  five  visible  ventral  segments  and 
 a  sting. 

The  Aculeata  again  fall  into  four  series,  the  Anthofhila  
with  plumose 

hairs  and  dilated  hind  tarsi,  the  Difhftera  with  forewing  longitudinallv 

folded  in  repose,  the  HHerogyna  with  ih.e  basal  one  or  two  segments 
formed  into  nodes,  and  the  Fossores  without  any  of  these  characters. 

The  classification  of  the  order  falls  as  in  the  following  table  :— 

Sessiliventres. 

(Phytophaoa). 

Petiolata.    Parasitica. 

Tdbulifera. 

Aculeata    Fossores. 

Diploptera. 

Anthophila. 

Heterogyna. 

(Cephidtt'). Siricidse. 

Tenthredinida>. 

Oynipids'. Proctotrypidsp. 

Chalcida'. 

Dryinidsp. 
Ichneumonida". 
Braconidee. 

Stephanida*. 
(Megalyridsp). 

Evaniida'. 
(Pelecinidfo). 

Trigonalidir. 
Chrysid*. 

MutillidfiL'. 

Tbynnida\ 
Scoliidffi. 

(Sapygida-). 
Pompilida>. 

Sphegida'. Eumenida>. 

VespidsD. 

(Ma8arida>). 
Colletida". 

Apidsp. FormicidT, 
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Fig.  H4      A.  VESI'A   MAHMFK'A,   to  show   MKIXAN  HKflMBJTT   AND  SINOLB    TKOCHANTER 
(TR).     B.    BRAOONID   to  show    .TtTNCTION   OF  TEIOUAX  ANH  ABDOMEN.      PKT.- 

Pktiolk,  Med.  HR«-MRnrAN  sboment      Th.  1.  Tr.  2,  the  nouBtB  trochan- 
ter.   0.  Thorax  of  oPHGniD  to  show  collar-likb  pkothorax.  D.  ditto. 

OF  POMPIUD  TO  SHOW  PROTHORAX    REACHINCl  THE  TROUL*. 

There  is  a  very  extensive  literature  on  this  group.  The  Sessili- 
nentres  and  Parasitica  have  been  largely  listed  in  Genera  Insectorum  and 
the  IchneumonidcB  and  Braconidcp  are  being  monographed  in  the  Fauna 

of  India,  shortly.  The  Tnbulifera  and  Aculeata  are  already  monographed 
in  the  Fauna  of  India  but  the  student  will  find  a  large  number  of  species 

since  described  by  Cameron,  Nurse  and  others 

Tt  is  at  present  useless  to  attempt  to  grapple  with  the  Parasitica, 

and  our  account  below  must,  in  the  absence  of  the  Fauna  volume,  be 

meagre  in  the  extreme.  Collections  in  this  group  are  badly  wanted  and 

there  is  here  a  very  large  field  for  collecting  and  research,  specially  in 

tropical  India.    In  the  Aculeata,  the  pioneer  work  of  listing  and  desorib- 
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ing  species  is  largely  done,  though  new  species  still  appear,  and  the  next 
step  is  to  study  the  habits  and  life-histories,  The  student  will  note 

that  we  follow  the  order  and  nomenclature  of  Bingham's  Fauna  of 
India,  rather  than  that  of  continental  authors  as  is  done  by  Nurse  and 
Cameron ,  and  as  may  be  most  easily  seen  in  Genera  Insectoruni. 

HYMENOPTERA  SESSHiIVENTRBS 

SiRioiD*. — (including  Oryssidoe). 

A  small  family  distinct  from  other  families  by  the  characters  of 
the  thorax  and  venation,  as  well  as  by  the  larval  habits.  Tlie  larva? 
are  borers  in  wood,  and  have  three  pairs  of  stumpy  legs  on  the 
thorax,  a  process  at  the  end  of  the  abdomen.  The  imagines  are  con- 

spicuous insects,  large  and  brightly  coloured,  the  female  with  sharj) 
ovipositor.  They  are  wholly  forest  insects  and  confined  in  India  to 
hilly  forest  tracts.  The  recorded  Indian  species  include  Xiphydria 
(3  spp.),  Sirex  (1  sp.),  Paururus  (1  sp.),  and  Tremex  (^  spp.).  None  are 
likely  to  be  found  in  tropical  India. 

Tenthredinid*.— &W/i't>s. 

The  pronotum  small ;  two  spurs  to  the  tihia.    The  female  with  a  saw, 

usually  concealed.    The  larva  leaf-eatirui,  caterpillar-like, 
with  more  than  five  pairs  of  sucker  feet. 

The  sawflies  are  easily  recognizable  from  other  Hymenoptera,  the 
abdomen  being  broadly  united  with  the  thorax,  the  pronotum  small  and 

visible  principally  at  the  sides,  the  female  with  out  an  exserted  ovipositor 
and  the  anterior  tarsi  with  two  spurs.  They  are  moderate-sized  insects, 
of  bright  colours,  the  common  plains  species  less  than  one-third  of  an 

inch  long.  The  head  is  distinct,  with  short  antennae,  simple  and  com- 
pound eyes  and  the  usual  biting  mouthparts.  The  thorax  and  abdomen 

are  robust,  the  wings  short  and  often  smoky  or  coloured.  The  most 

striking  structure  is  the  female  ovipositor  or  ' '  saw, ' '  with  which  she  cuts 
leaves  in  which  to  lay  her  eggs.  This  is  concealed  except  when  in  use 
and  requires  to  be  dissected  out. 

The  life-history  is,  in  generarfeatures,  similar  to  that  of  the  Lepi- 
daptera.  The  larva  is  a  caterpillar-like  creature  with  three  pairs  of 
thoracic  legs  and  from  six  to  eight  pairs  of  prolegs  without  hooks  on  the 



PLATE  IX.— Athalia  Proxima. 

Thk  Mustard  Sawfly. 

Fig.  1 .     Young  larva. 

„     2.     Half-grown  larva. 

„     :<.    Full-grown  larva. 

„     4.    liarva  feeding  on  mustard  leaf. 

„     5.     Papa,  dorsal  aspect. 

„     fi.    Pupa,  ventral  aspect. 
„     7.    Imago. 

„     8.    Cluster  of  Cocoons. 

„     9.    Single  Coooon. 

„    10.     Parasite. 

(Reprinted    from    Memoirs,    Agricultural Department 
)mology,  Vol.  I,  No.  6.) 

for     India, 
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abdominal  segments.  This  character  at  once  distinguishes  it  as  no  Lepi- 

dopterous  larva  has  more  than  five  pairs  of  prolegs.  The  larva  lives 

openly,  feeding  on  leaves ;  in  some  the  hind  end  of  the  abdomen  is  more 

flexible  and  tapering,  and  is  twisted  round  in  a  characteristic  manner  to 

give  support  to  the  insect.  The  larva  of  Athalia  proxima,  King.,  the 

commonest  plains  species,  feeds  on  mustard  ajid  Cruciferee  generally  ; 

its  life-history  is  described  elsewhere  (Mem.  Agric.  Dept.,  India, 
Entom.  1,  No.  <)).  It  is  undoubtedly  an  immigrant  from  the  hills 

which  has  adapted  itself  to  life  in  trojiical  India  by  a  prolonged  period 

of  rest  during  the  hot  months.  The  pupa  is  concealed  in  a  cocoon 

between  leaves  or  in  the  ground.  It  is  recorded  that  parthenogenesin 

occurs  in  this  family;  this  does  not  appear  to  be  the  (sasc  with  A. 

proxhna,  where  both  sexes  occur  and  coupling  takes  place  normally. 

The  family  is  a  large  one  with  over  2,400  species  described  of  which 

iK>  are  known  from  India,  being  mainly  species  collected  in  AsSam,  Bur- 
ma and  Simla.  The  hill  fauna  is  very  much  larger  than  that  of  the 

plains  but  the  large  number  described  is  partly  due  to  the  fact  that  this 

group  has  been  collected  there  and  has  not  been  worked  at  in  the  plains. 

Cameron  has  described  the  majority  of  the  species  within  the  last 

ten  years.  Only  two  species  are  known  from  the  plains  of  which  Athii- 
lia  proxhmi,  King.,  alone  has  been  reared.  (Plate  IX.)  The  most 

recent  catalogue  is  thxt  of  Konow  in  Genera  Insectorum. 

HYMBNOPTBRA  PARASITICA. 

From  practically  every  herbivorous  insect,  as  from  many  others, 

we  rear  parasites  belonging  to  this  group.  Fi'om  a  single  species  we  may 

get  one  or  more  egg  parasites,  and  one  or  more  larval  parasites ;  we  fold 

also  that  these  parasites  have  tlieir  parasites  (called  hyperparasiteg  as 

they  are  parasites  on  parasites).  Thus  from  one  species  we  may  rear 

several  species  of  parasitic  hymenoptera.  1 1  will  be  seen  that  this  group 

is  one  of  vast  extent  and  number ;  it  is  also  one  whose  study  has  not  at- 

tracted sufficient  attention ;  Indian  forms  have  been  described  (in  a  great 

variety  of  somewhat  inaccessible  publications)  by  Cameron  and  others 

from  specimens  collected  in  the  hills;  we  have  reared  abundant  species 

which  will  require  much  time  for  identification  and  we  are  thus  in  a  p
osi- 

tion of  having  a  great  mass  of  material  which  has  not  been  work
ed  at 

and  we  cannot  attempt  to  give  any  satisfactoiy  account  
of  this  great 



166  HTfMENOPTEbA. 

group.  In  no  branch  of  entomology  is  study  so  much  required  and  no 
branch  is  likely  to  give  results  of  greater  economic  value.  Parasitic 
Hymenoptera  are  the  greatest  checks  on  insect  increase  and  their  work 
is  of  the  utmost  importance ;  this  has  been  recognised  elsewhere  and  the 

study  of  Parasitic  Hymenoptera  should  advance  when  more  encourage- 
ment is  given  to  Entomology  generally.  As  it  is  we  are  unable  to  do 

anything  to  assist  these  insects  save  in  very  special  cases  ;  when  it  was 
learnt  that  the  parasites  of  the  Indian  boUworm  had  been  destroyed  by 
cold,  and  these  were  reintroduced  from  places  not  affected  by  the  cold, 

the  first  step  to  the  utilisation  of  parasitic  insects  was  taken  in  India ; 

but  this  was  a  special  case  and  until  we  know  our  parasites,  we  cannot 

expect  to  be  able  to  make  progress  in  this  branch  of  entomology. 

Cynipid^. — Gall-wasps. 

Small  to  minvie  insects,  the  forewimj  with  wo  stigma  and  not  inore  than 

five  closed  cells,  the  Jdndtvintj  with  two  or  three  nervures ;  the  antenna' 
are  straight  with  less  than  10  joints.  The  pronotum  reaches  the 
insertion  of  the  forewings. 

Whilst  the  habits  of  the  family  are  of  great  interest,  almost  none 
are  described  from  our  legion  and  the  habits  of  these  are  unknown.  One 

species  (Onychia  striolata.  Cam.)  from  Bengal  will,  if  it  shaies  the  habits 
of  the  rest  of  the  genus,  be  a  parasite  on  a,  Dipterous  insect.  Others  are 

known  to  inhabit  galls.  Cameron  lias  described  CaJlirhi/tis  semicarpi- 
fdice  as  being  reared  from  an  acorn  (Quercus  semicarpifolia)  collected 

in  the  North-West  Himalayas.    (Entomologist,  1902,  .'58.) 

In  general,  the  Cynipidce  are  either  (1)  inhabitants  of  galls  or  othei' 
portions  of  plant  tissues,  (2)  guests  of  the  above  gall- inhabiting  species 
or  (3)  parasites  on  other  insects.  Taking  first  the  gall-insect,  it  may  be 
remembered  that  many  other  insects  make  galls  and  that  not  every  gall 

is  due  to  the  work  of  the  Cynipid;  also  that  a  gall  may  contain  the  Oi/m- 

pid  that  caused  it  or  either  guests  or  parasites.  A  number  of  very  simi- 
lar insects  may  therefore  be  reared  from  the  same  galls  and  it  is  no  easy 

matter  to  sort  them  out.  It  is  very  much  to  be  desired  that  the  study  of 

galls  may  be  taken  up  in  India,  ind  with  it,  the  study  of  the  relations 
of  the  insects  inhabiting  such  galls.  Galls  abound  even  in  the  plains  and 

those  on  the  mango  tree  alone  will  give  ample  scope  for  investigation. 

Having  cleared  them  up,  the  study  of  galls  «n  other  trees  in  the  plains 
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and  then  in  the  forests  and  hills  may  be  expected  to  produce  much  that 
is  new  and  second  in  interest  to  no  other  branch  of  insect  bionomics. 

An  excellent  account  of  some  of  the  features  of  this  group  is  contain- 

ed in  Sharp's  Insects.  The  student  is  referred  to  this,  and  it  is  needless 
to  here  reproduce  a  similar  general  account  of  a  group  of  which  almost 
nothing  is  known  in  India. 

OALLS. 

There  are  a  number  of  insects,  which  live  in  the  tissues  of  plants 
and  whose  activities  produce  an  alteration  of  the  structure  of 
the  plant,  an  unusual  growth  of  tissue  taking  place,  leading  to  the 

formation  of  a  "gall."  Such  galls  are  easily  recognisable  as  quite 
distinct  bodies,  associated  always  with  a  particular  insect  and  for  each 
species  of  inhabitant  assuming  a  peculiar  form. 

Obviously  this  is  a  clearly  distinct  form  of  injury  to  the  plant  from 
that  caused  by  an  ordinary  boring  or  leaf -eating  insect,  in  which  there  is 
no  growth  of  tissue  except  in  so  far  as  to  heal  the  wound  caused,  and 
where  the  damage  done  is  limited  to  the  effect  produced  solely  by  the 
destruction  of  so  much  tissue. 

As  a  rule,  the  connected  insect  is  in  the  gall,  not  necessarily  in  the 
fully  developed  gall  but  in  it  at  some  stage  of  its  growth ;  put  very  broad- 

ly, the  parent  or  the  actual  insect  stimulates  the  tissues  to  an  abnormal 
growth  in  which  the  gall  insect  lives ;  the  precise  nature  of  this  stimulus 
is  not  known  for  any  of  our  galls  but  may  be  either  poison  or  some  agent 
introduced  by  the  parent  when  laying  eggs,  or  it  may  be  a  chemical  or 
mechanical  stimulus  produced  by  the  larval  gall-insect  inside  the  tissues. 
The  growth  of  a  gall  does  not  always  terminate  with  the  emergence  of 
the  inhabiting  insect  and  in  some  instances  very  large  woody  structures 

are  produced  on  trees  after  the  original  gall-insect  has  emerged. 

Elsewhere,  the  Cynipidee  are  the  especial  gall-insects  either  inhabit- 
ing the  gall  by  right  or  as  inquilines  (guests).  The  larvse  of  Nematus  are 

said  to  form  galls  and  insects  of  this  family  (TenthredinidcB),  will  possibly 

be  found  as  gall  inhabitants  in  India  also.  The  Fig  Insects  of  the  family 
(Uialcidw  are  probably  gall  producers,  living  in  special  gall  flowers  in  the 

(ig.  An  abnormal  Bwprestid  (Ethon)  is  known  to  live  in  a  gall 
and  some  of  the  Curculionidw  also  produce  galls.  Among  Lcpidoptera, 

a  few  TineidcB  are  known,  and  the  transition  from  a  boring  larva  to  one 

that  causes  gall-formations  is  not  a  very  wide  one.  Cecidomyiids  arc 
well  known  among  the  Diptera  and  are  found  in  India  behaving  in 

this  manner.  Thrips  {Thysanoptera)  causes  galls,  as  also  do  the  three 

groups  of  Homoptera,  the  PsylUdw,  Ap'iidw  and  Cotridce;  Psyllids  are 
known  to  live  in  galls  in  India  but  do  not  appear  to  have  been  studied. 
Several  have  been  reared  from  galls  on  leaves  in   India  and  it  would 
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these  as  of  other  parasitic  Hymenoptera  are   being  found  or  reared 

and  the  family  is  probably  an  extremely  important  one. 

Scelio  acte,  Wlk.,  and  Epyris  orientalis,  Cam.,  are  recorded  as  well  as 

Platijfjaster  oryzw,  Cam.,  bred  from  the  maggots  of  Cecidom>jin  oripa', 

W.  M.  A  species  of  Scelio  attacks  the  eggs  of  the  Bombay  Locust, 

Acridium  succinctum,  Linn.  ;  Hadronotus  sp.  and  Tehnomus  sp.  were 

reared  from  insect  eggs  and  Tehnomus  up.  from  the  eggs  of  Scirpo- 

phaga  aurifiua,  Zcll.,  a  PyraUd  moth.  Scelio  (Homalotylus)  terminalis, 

Say.,  is  a  parasite  upon  the  larva*  of  Chilomenes  sexmaculata,  Fabr. 

THE  SIZE  OF  INSECTS. 

Wo  are  told  that  on  other  planets,  man  might  be  very  much  larger 
than  he  is  on  earth  on  accomit  of  the  less  force  of  gravity  due  to  the 
smaller  bulk  of  the  planet.  That  is,  the  Mammoth  or  some  prehistoric 
reptile  represents  the  maximum  size  attainable  on  earth  simply  because 
the  bones  requisite  to  support  a  larger  animal  and  to  bear  the  muscular 
strains  set  up  in  moving  it  could  not,  with  the  material  of  which  bones 
are  constructed,  exist.  Grravity  and  the  tensile  strength  of  the  mate- 

rial used  in  making  the  skeletons  of  animals  thus  puts  a  limit  at  one 
extreme.  On  the  other  extreme  is  another  limit  in  the  size  occupied 
by  a  sufficient  aggregation  of  molecules  to  carry  on  the  complex 
reactions  of  physical  life,  a  limit  which  possibly  admits  of  the  existencse 
of  forms  of  life  smaller  than  can  be  perceived  by  our  present  methods  ; 
at  any  rate,  there  are  organisms  visible  only  under  a  magnification  of 
thousands  of  diameters. 

Between  these  extremes  lie  our  insects;  the  smallest  are  less  than 

a  millimetre  in  length  :  the  largest  moth  has  a  wing  span  of  twelve 
inches,  the  biggest  beetle  a  length  of  over  half  this  and  the  bulk  of 
our  insects  are  between  three  and  one-tenth  of  an  inch  long  and 
between  five  and  a  fifth  of  an  inch  across  the  expanded  wings. 

Probably  the  essential  feature  in  insect  anatomy  that  has  limited 
them  in  size  is  the  chitinous  integument ;  an  insect  has  no  bones,  it  has 
no  separate  internal  skelctoji  round  which  the  soft  tissues  can  be 

grouped  and  which  can  give  a  central  support  to  muscles  and  connec- 
tive tissue  ;  there  is  only  an  external  integument,  with  processes 

internally,  and  the  tissues  take  their  attachment  from  this  and  are 

packed  away  inside  it.  There  is  further  the  delicate  tracheal  system, 

probably  capable  only  of  a  certain  amount  of  compression  and  thus 

limiting  the  amount  of  stress  that  can  be  set  up  by  muscular  action. 

Another  point  is  that  the  chitinous  integument  is  not,  except  in  the 

adult  stage,  a  permanent  one  ;  it  is  shed  and  this  puts  a  very  definite 

limit  probably  upon  the  size  to  which  it  can  be  produced. 
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appear  that  they  are  the  oomraonest  gall-insects.  In  Australia,  a  special 
division  of  Coccidte  (Brachyscelids)  are  inhabitants  of  galls.  In  India 
Dactylopius  nipw  Mask,  produces  what  is  practically  a  gall,  a  swelling 
and  distortion  of  the  tissues  of  the  plant,  due  to  the  presence  of  the 
insect ;  these  are  found  on  some  varieties  of  cotton,  on  Hibiscus  and 
on  mulberry.  We  have  indicated  these  families  as  being  those  in  which 
gall-insects  are  known  and  in  which  they  may  be  expected  also  in  this 

country.  Galls  are  not  easy  to  rear  in  "captivity,"  since  the  removal 
of  the  gall  from  the  growing  plant  interferes  with  nutrition,  and  moulds 
are  a  great  trouble ;  gall-insects  are  also  not  quick  in  development  and 
it  is  probable  that  success  will  be  obtained  only  by  breeding  on  the  plant 
or  by  patient  observation.  We  figure  some  galls  as  well  as  the  insects 

causing  them  (see  under  Cecidomi/iido'  and  Psijllidw  below).  The 

student  should  see  Kieffer's  paper  on  Gall-insects  of  Bengal  (Ann.  Soc. 
Bruxelles  XXIX.  p.  1:53,  1W)5). 

}'R0CT0TRVPID/E. 

Small  ins- 'Is,  the  prothorajo  rei"hinj  hack  to  the    tegulce,  with  few 

nenures  in  the  wings,  the  antenna'  simight. 

The  classification  of  the  parasitic  Hymenoptera  is  as  yet  insufficient- 
ly miderstood  and  ivith  such  vast  families  to  deal  with,  it  is,  without 

going  far  more  deeply  into  the  subject  than  we  here  can,  impossible 

to  give  characters  by  which  to  recognise  any  Proctofrypid.  They 

are  essentially  small  parasitic  Hymenoptera,  with  the  above  general 

characters ;  they  difEer  trom  the  Chalcida  in  fairly  characteristic 

details,  but  include  some  insects  very  difficult  to  place  if  one  has  not  a 

very  thorough  grasp  of  these  families.  These  little  insects  exhibit 

great  variety  m  structure.  The  ovipositor  is  a  continuation  of  the 

end  of  the  body.  Many  are  of  beautiful  metallic  colours,  the  body 

hard,  like  that  of  Chrysidrp. 

The  life  is  so  far  as  known,  wholly  jiarasitic,  though  the  habits  of 

not  many  species  are  known.  The  Indian  species  reared  are  from  insect 

eggs,  one  from  a  dipterous  larva  and  one  from  a  beetle  larva,  it  is 

certain  that  a  great  number  will  be  reared  when  more  attention  is 

paid  to  this  group.  The  family  is  a  very  large  one  with  numerous  sub- 

divisions. Judging  from  the  number  of  undescribed  species  found  or 

reared,  the  plains'  species  of  India  are  little  known.  Dalla  Torre's 
catalogue  gives  some  five  Indian  species,  besides  a  number  more 
from  Ceylon,  but  this  number  is  an  extremely  small  part  of  what 
would  be  known  were  the  group  to  be   collected ;  a  great    number  of 
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One  has  been  reared  from  the  Fulgorid  Pyrilh  aberrans.  Wlk.,  the 

larva  living  in  the  nymph  and  emerging  to  produce  a  small  white  cocoon 

on  the  leaf  of  the  cane  plant.    (Fig.  8().) 

Kiff.  H6— ANTKIUOR  TAllHAI,  .lOl.NTH  OK 
fiONjtTOI'US  M1<A<'ILIK. 

{From  Kieflh:) 

Vis-  '<7— UJiVINlIN  FOKMICAHirs. 
( Fnim  Kiffn: ) 

Vie.  8(5-  UUYIMIll   I'AIIAHITK  OK  I'YKILLA  ABBUUAJIS    X  9  AND  ITS 
<'(K'(K)N   ON    A   IiK>K.      K  % 
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Chalcidm. 

SmaU  ins&ts,  the  antenna'  elboii'ed,  the  wings  with  one  vein,  the 
protonxm  not  reaching  the  tegulce. 

This  very  large  family  is  most  readily  distinguished  by  the  elbowed 

antennsD  and  single-veined  wings.  Many  are  of  characteristic  form  and 
are  readily  recognisable  as  Chalvids  in  the  field.  The  colours  are  sombre, 

though  black  and  yellow  is  a  fiequent  combination.  They  are  nearly 

all  small;  though  Leucospis  measures  nearly  half  an  inch  in  length,  less 
than  a  quarter  of  an  inch  is  a  more  usual  size  and  some  are  so  small  as 

to  be  microscopic  and  not  really  visible  to  the  unaided  eye.  The  head  is 

well  developed,  with  elbowed  antenna?,  large  eyes  and  the  usual  mouth- 

parts.  The  thorax  is  compact  giving  great  powers  of  llightto  the  tiny 

insect.  The  wings  aie  hyaline  with  a  single  vein  in  the  forewing.  The 

abdomen  is  hard  and  in  the  female  bears  an  ovipositor.  Legs  are  well 

developed  and  the  little  insect  walks  and  flies  actively.  The  hind 

femur  is  frequently  very  much  swollen,  the  narrow  tibia  fitting 
closely  to  it. 

Fig.   88     CHALClt>  (KKl'Lh,   MUCH   HAUNIFIBD. 
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Other  factors  probably  are  the  very  great  specialization  insects 

display ;  we  may  imagine  a  caterpillar,  if  omnivorous  and  without 

enemies,  growing  to  the  limit  of  the  size  that  its  chitinous  legs,  and 
prolegs  could  bear  ;  it  might  perhaps  be  six  feet  long  and  a  foot  high, 
walking  along  like  a  vast  worm  and  browsing  happily  in  the  pasture. 
But  there  are  no  omnivorous  caterpillars  (plants  protect  themselves 
too  well  with  poisons  and  other  devices),  the  vast  number  and  variety 
of  species  are  correlated  with  great  specialisation  and  whether  from 
the  limitations  of  chitin,  or  from  the  difficulties  of  metamorphosis, 
such  vast  creatures  do  not  exist. 

Possibly  insects  are  dominant  because  they  are  small,  reproduction 
can  be  quick  and  vast,  an  egg  can  contain  enough  food  to  produce  an 
active  self-supporting  larva  ;  the  difficulties  of  viviparism  are  avoided 
and  the  mother  need  not  live  over  to  care  for  her  young.  When  the 
seasons  are  unfavourable,  the  female  waits  with  her  store  of  undeve- 

loped eggs  till  the  season  is  favourable.  Above  all,  where  there  is  one 
vast  animal  like  a  cow,  conspicuous  and  slow  breeding,  you  may  have, 
in  equal  bulk,  a  horde  of  scattered  insects,  ready  to  concentrate 
themselves  on  one  point  but  capable,  in  times  of  stress,  of  diffusion 
over  wide  areas  and  in  inappreciable  amount.  It  is  the  case  of  the 
Hy  which  eats  the  carcase  cjuicker  than  the  lion,  because  the  concen- 

trated effort  and  increase  of  a  thousand  small  creatures  outweighs  the 
efforts  of  the  one  large  creature  a  thousand  times  their  size. 

The  insect,  with  the  lion,  endures  times  of  starvation  but  of  a 
thousand,  perhaps,  ten  inserts  survive,  whereas  the  one  lion  dying  leaves 
none.  So  that  taking  lives  as  units,  the  small  insect  is  better  off  and 
it  may  be  that  in  the  very  limitations  of  chitin  and  metamorphosis  has 
lain  its  success,  since  strivings  after  mere  bulk  have  been  vain  where 
natural  effort  at  increase,  with  multiplication  of  species  and  function, 
has  enabled  the  insect  to  overrun  and  dominate  the  earth. 

Dryxniu^. 

Female  u'ith  tlie  foreleg  modified  to  form  a  piwer. 

A.  family  of  nearly  200  species  of  small  insects,  usually  included  in 

Proctotri/pidw,  and  distinguished  by  the  fact  that  the  fore  tarsus  is 

modified  in  the  female  to  form  a  pincer. 

This  modification  of  the  foreleg  is  connected  with  the  habits  of  the 

insect ;  according  to  Kieffer,  the  female  seizes  the  nymph  of  the  Ilomop. 

teroua  insect  she  attacks  by  means  of  the  pincers,  and  lays  one  or  two 

eggs  in  its  abdomen  ;  the  resuhring  larva  develops,  emerges  and 

pupates  outsid3,  the  Homopterous  nymph  dying.  Three  species  only 

are  known  from  India  :  Dryinus  trifaaciatus,  Kieff.,  Prodryinus 
hitoHciatiu.  Soy.,  and  Gonnf-opuit  maurv^,  Kieffer 
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The  details  of  the  life  history  of  the  group  as  a  whole  are  very  varied 

but  most  are  parasites  in  eggs,  larva>  or  pupae  of  almost  all  groups  of  in- 
sects including  the  Hi/menoptera;  some  are  hyper])ara8ites,  i.e.,  lay  tlieir 

eggs  in  the  bodies  of  parasitic  larvae  which  are  already  in  the  bodies  of 

other  insects ;  others  are  found  in  galls,  as  parasites ;  a  few  are  fig  insects 

living  in  peculiar  gall-like  structures  in  the  fruit  of  wiki  figs;  the  greater 
number  are  parasites  purely,  and  though  the  details  of  their  life  history 

would  probably  be  of  great  interest  if  we  knew  them,  practically  nothing 

is  known  and  we  are  probably  sufficiently  accurate  in  estimating  the 

family  as  an  important  one  owing  to  its  mle  of  general  insect  paiasite. 

The  life  history  of  no  Indian  species  has  really  been  studied  and  tiie 

utmost  we  know  in  most  cases  is  that  the  imagines  have  been  reared  from 

particular  insects.  There  are  abimdant  points  of  great  interest  in  the 

lives  of  these  tiny  insects  ;  how  do  the  imagines  live  when  their  host  in 

not  available;  how  do  they  hibernate,  on  what  do  they  feed,  when  do 

they  fly  ?  How  does  the  larva  manage  inside  the  body  of  a  caterpillar 

and  how  does  it  get  its  air  or  dispose  of  its  excreta,  or  moult  ?  What  is 

going  on  inside  a  caterpillar  when  there  are  perhaps  twenty  larva?  in  it 
or  as  in  some  cases  there  are  over  600  ?  Wliat  are  the  details  of  the 

moults  of  the  hyperparasites  ?  One  could  continue  ejmmerating  points 

on  which  practically  nothing  is  known  at  all,  and  absolutely  nothing  in 

India.  Dalla  Torre's  catalogue  enumerates  about  thirty  species  from 
our  region  ;  Cameron  has  added  others  (Jo.  Bo.  Nat.  Hist.  Soc,  XVII, 

578,  etc.),  a  very  large  number  have  been  and  will  be  added  to  this,  and 

it  would  be  in  no  way  surprising  if  (lialcidfe  were  found  to  be  the 

family  of  which  the  greatest  number  of  species  occur  in  India. 

The  identification  of  these  numerous  forms,  principally  unclassified 

and  undetermined,  is  pr)8sible  only  when  one  studies  this  family  ahme. 

It  is  then  useless  to  do  more  than  mention  a  few  common  species  as  ex- 

amples of  Chalcidce.  The  following  species  and  their  hosts  are  known 

in  India  :  — 

Pentarthrum  (Trichogramma)  sp.  is  a  tiny  species  reared  from  the 

eggs  of  Chilo  simplex,  Butl.,  the  moth-borer  of  cane.  A  very  high  per- 

centage of  the  eggs  of  this  moth  are  infested,  and  the  parasite  is  a 

very  valuable  check.  Tetrastichus  sp.  is  reared  from  Chilo  nuricilia, 

Ddgn.,  and  is  prf»bably  in   itself  a  hyperparasite   upon    the  Braconid, 
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Apanteles  chilonis.  Die  imagines  of  the  foinu'i'  emcif,'?  directly  from 
the  pupa  of  the  caterpillar,  not  making  an  external  cocoon,  whilst 

the  Apanteles  larvae,  if  not  parasitised,  emerge  as  full-grown  larvse  and 
make  white  cocoons  outside  their  host. 

Syntomosphyrum  (Cirrospilus)  sp.  is  reared  from  pupa?  of  Chilo- 

menes  sexmaculata,  F.,  a  Ladybird  beetle,  where  it  is  possibly  a  hyper- 

parasite  of  Scelio  (Horaalotylus)  terminalis,  Say.,  which  parasitises 
this  beetle  grub.  S.  esurus,  E.y.,  has  been  reared  from  the  cotton 

aphis  (Aphis  qossypii,  Glov.)  in  which  it  is  possibly  a  hyperparasite 

of  Trioxys  sp.,  a  Braconid  parasite.  Omphale  sp.  is  a  small  insect 

of  which  77  were  reared  from  the  grub  of  a  Cotton  Stem  Borer, 

Sphenoptera  yossypii,  Kerr.  It  is  probably  a  hyperparasite  on  the 

true  parasite  of  this  beetle  grub.  Pteromalus  oryzce,  Cam.,  is  a 

parasite  of  the  grub  of  the  rice  weevil  Calandrn  or/yzaf,  L.,  and  keeps 

this  voracious  pest  in  check.  (I.  M.  N.)  Aphelinus  tliece,  Cam.,  is 

recorded  as  a  parasite  of  the  scale  insect,  Aspidiotus  thea>,  Mask.,  on 

tea  in  the  Kangra  Valley,  (f.  M.  N.)  A  species  ne&T  to  Sycoryrfes 
inensis,  Ashm.,  has  been 

reared  from  the  fruits  of  the  pipal 

(Fwm  religiosa)  in  India,  and 

with  it  Goniogaster,  (Idames) 

stahilis,  Wlk.,  and  Sycnphila 

decatonioides.  Wlk.,  which  are 

parasitic  upon  it. 

The  following  species  are  also 

recorded  as  having  been  reared 

from  the  figs  of  Firus  indica  (V 

meant  for  Firus  hengalensts,  the 

banyan  tree)  : — Eupristma  maso- 
ni,  Saujid. ;  Sycobia  hethyloides, 

Westd.  ;  Walkerella  lemeraria, 

Westd.  ;  Sycobiella  Saundersi. 

Westd.  ;  Sycoscapta  imignis, 

Saund.  ;  Sycoscaptella  affinis, 

Westd.  ;    Micranisa      (Idarnes)  ̂ 'S-  89— EupBiwiifA  masom,  mai.k  abovk, 
pteromaloides,  Wlk. 

FKMALB  HBLOW. 

[from  Weglwnod.) 
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Tonnected  with  these  fig  insects  are  parasites,  insects  very  closely 

allied  and  which  lay  their  eggs  in  the  larvae  of  the  fig  insects  in  the 

fig  gall  flowers  ;  Cunningham  does  not  appear  to  have  been  aware  of 

this  fact  or  to  have  known  what  fig  insects  he  was  dealing  with  and 

this  is  to  be  regretted  as  his  conclusions  may  require  to  be  vitally 

modified.  (This  applies  equally  to  the  same  author's  chapter  in  that 

popular  but  inaccurate  work  '  Pains  and  Pleasures  of  Life  in  Bengal.') 
Fig  insects  seem  to  be  very  abundant  in  India,  and  a  great  number 

of  the  wild  figs  produce  large  crops  of  them.  The  question  has  a  special 

interest  in  view  of  the  fact  that  the  true  fig  is  stated  to  produce  the 

best  figs  only  when  its  fig  insect  Blastophaija  psenes,  Low.,  is  present ; 

for  this  purpose  a  wild  fig  has  to  be  cultivated  with  the  cultivated  fig  to 

yield  Blastophaga  ;  so  necessary  is  this  considered  that  the  wild  fig 

(Capri  fig)  has  been  introduced  to  California  and  South  Africa  with  the 

Blastophaga,  in  order  to  give  the  figs  there  grown  the  proper  conditions 

foi'  full  development,  though  entomologists 
are  not  yet  agreed  as  to  the  part  played 

by  the -insect. 
That  the  fruits  of  our  common  fig  trees 

(the  pipal,  banyan,  pakur,  gular,  &c.)  are 

constantly  infested  with  fig  insects  can  be 

readily  ascertained  by  examination,  various 

caterpillars,  weevils,  flies,  &c.,  also  occurring 

in  them,  but  the  respective  parts  played 

by  these  insects,  their  mode  of  life  and 

their  relations  to  the  tree  are  practically 

unknown  and  offer  a  very  fertile  field  for 

inquiry.  We  figure  from  Westwood  some  ̂ iK-  91-Walkkmh.la  ikmkr- 
of  the  insects  obtained  from  figs  in  India ; 

the  problem  is  one  of  great  complexity  and 
interest,  attention  has  been  drawn  to  it  more  than  once  in  the 

Indian  press  from  the  economic  aspect  since  large  quantities  of 

fruit  are  constantly  "destroyed"  by  these  insects,  but  it  is  doubt- 
ful if  any  means  can  be  devised  of  checking  them  and  were  it  done, 

it  is  uncertain  what  would  be  the  effect  upon  the  production  of  fruit. 

Podagrion  minutum,  Ashm.,  was  reared  from  the  egg  mass  of  a  man- 
tis, the  female  with  a  long  ovipositor  many  times  her  own  length  for  lay- 

AIUA. 

[From  Wnlii'nod  ) 
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Walker  also  described  Sycophila  moijastiiimo  ides  and  Mayr  described 
Sycophaga  hreviventris  from  figs  in  India.    The  student  should  consult 

the  original  papers  :—Westwood,  T.  E.  S., 
London,  1840,  Vol.  II,  p.  214 ;  Westwoodand 
Saunders,  loc.  cit.,  London,  J  883,  pp.  1, 
29,  .375,  ;w:{;  Westwood,  loc.  cit.,  1882,  47  ; 
Mayr,  Mittheilungen  Zool.  Stat.  Neapel, 
111,  1882. 

These  fig  insects  have  been  the  subject 

of  prolonged  investigation  in  Europe  and 

South  America,  and  an  unknown  species 
which  attacks  Firus  roxbiirghli  in  Calcutta 

is  discussed  by  CWningham  in  an  appendix 
to  Volume  1,  of  the  Annals  of  the  Botanic 

Garden,  Calcutta.  Cunningham  finds  that 

there  are  two  crops  of  fruits  yearly,  some 

trees  having  receptacles  containing  gall 

flowers  and  males,  others  containing  female 

flowers ;  in  the  gall  flowers,  which  are 

peculiar  structures,  the  fig  insect  lays  its 

eggs,  the  larvflD  living  in  the  gall  and  even- 
tually emerging  in  the  winged  condition. 

FiK.  90  S\(OBiELLA  sAiTMiKKsi  On  emergence  they  fly,  couple,  and  the 

"''■"X^nZ.;""-     females  endeavour  to  lay  eggs.     In   search- 
ing  for  the  gall  flowei-s,  the  females  enter 

the  receptacles,  including  those  containing  female  flowers,  and 

endeavour  to  deposit  eggs  in  the  female  flowers.  As  a  result  the 

enormous  numbers  of  embryos  in  each  receptacle  develop,  as  if 

they  were  fertilised.  The  inference,  naturally,  is  that  the  female 

insects  carry  pollen  from  the  male  flowers,  but  Cunningham  concludes 

that  this  is  not  the  case  and  that  the  female  embryos  develop 

parthenogenetically  but  only  after  the  irritation  produced  by  the 

attempts  of  the  female  fig  insects  to  lay  eggs  in  these  flowers.  The 

fig  insect  then  plays  the  part  of  an  irritant  agent,  producing  effects 

equivalent  to  fertilisation  and  the  fig  plant  produces,  on  behalf  of 

the  insect,  special  "flowers"  in  which  the  insect  lays  its  eggs.  The 

Chahid  then  in  this  case  is  simply  a  gall  insect,  as  the  Cynipidw  are. 
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laving  her  eggs.  Chalcis  cricuJce,  Kohl.  (fig.  88)  is  recorded  as  a  parasito  of 
Crirula  trifenestrata.  Mo.  a  Saturniid  Moth.  (1.  M.  N.  1.,  pi.  V)  C.  euplaem, 

Ho.,  is  also  recorded  as  a  caterpillar  parasite.  The  number  and  impor- 

tance of  Chalridw,  like  the  other  Hymenoptera  Parasitica,  cannot  easily 
be  estimated.  There  are  probably  an  enormous  number  of  species  in 
India,  some  widespread,  many  probably  confined  to  this  area.  To  the 

systematist  as  to  the  biologist  they  offer  a  wide  field  of  reseaich,  and  it 

is  to  be  hoped  that  a  really  thorough  investigation  into  the  economy 

of  at  least  one  species  may  be  made,  as  well  as  an  investigatioji  into  the 

identity  and  hosts  of  our  common  crop  pest-dest toying  s})ecies. 

ICHNKUMONID^C. 

Wnxfn  with  two  recurrent  herviiren  and  two  or  three  cubital 
cells.    Arttenncp  not  eUiowed. 

This  is  a  vciy  large  group  of  insects,  dearly  separate  from  I  'hah  ld<r  by 
the  greater  number  of  veins  and  cells,  fr  )m  Braconuhv  by  the  venation. 

They  are,  as  a  rule,  larger  insects,  the  antennse  not  elbowed,  (he  legs 

moderately  long,  the  body  slender.  The  female  lias  an  ovipositoi 

which  is  often  long  and  conspicuous ;  males  are  destitute  of  any 

ovipositor  or  similar  oi-gan  and  are  generally  similar  to  tlie  females. 
The  colours  are  mainly  warning,  black  and  yellow,  reddish  yellow  and 

similar  bright  colours  pr-edominating. 

The  Ichneumomdw  are  a  very  large  lamily,  with  a  great  number  of 

species.     These  species  are  of  limited  distributicm,  confined  to  distinct 
areas  and  the  Indian  forms  are,  so 

far  as  known,  confined  to  this  geo- 

graphical region.  The  number'  of 
described  Indian  species  is  over  2(H) 
but  most  arv  from  the  hills  and  but 

few  have  been  reared. 

Limnennm   sp.  has  been   reared 

fiom  the  larva  of  a  Piuma.  Pimpla 

punctntor,  L.,  is  a  common  insect, 

yellow  with   black  markings,  bred 

92-PiMPi,A  PREovTOH,  FABR.  K  2.    f'om  scvcral  of  the  wild  silk  produ- 

cing  insects  (Saturniida).    P.  pre- 

dator, F.,  was  reared  from  Seirpophaga  aurifua.  Zell.  (1.  M.  N.  V.,p.  178.) 

IIL  12 
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The  family  is  divided  into  five  sub-families ;  of  the  Ichneumonincp, 

uj»  to  1904,  11!)  sj)pcies  had  hcon  described  from  India,  largely  from  the 

Khasia  hills  by  Cameron  and  others  have  been  added  since.  Tn  the 

Cri/ptintp,  84  species  are  listed  up  to  J!K)8  {Schmiedeknechf,  Genera  In- 

sectorum),  mainly  Cameron'  s  Khasia  hill  species.  The  same  authoi 

lists  59  species  of  Pimph'nw  (l*.K>7),  including  the  remarkable  forest  spe- 
cies Rhf/ssa  and  Ephialtci,  allied  to  Thalessn.  In  the  Trijphnnino',  Dalla 

Torre  (19(X))  lists  five  Indian  species,  and  in  the  0;>/(/r)«('n(T  Hzepligetti 
(1905)  lists  twenty-one. 

Nothing  is  on  record  as  to  the  hosts  of  these  species  and  the  forms 

occurring  in  India  generally  are  practically  unknown. 

Braoonii).*;. 

Th'  furewituis  with  one  recurrent  nervure  mid  three  or  jour  ruhitnl 
rells  as  a  rule.    Atitennce  not  elbon'cd,  abdomen  not 

inaerted  on  apex  of  median  mjinent. 

These  are  closely  allied  to  the  lehrieumonidw  but  in  general  distin- 

guished by  tile  venation  of  the  forewing.  There  is  an  extra  cubital  cell 
and  but  one  recurrent  nervure.  The 

colours  are  bright,  })robably  generally 

warning,  and  aided  by  the  bright 

colour  of  the  forewiugs  in  some  cases. 

In  size  they  vary  from  small  to 

moderate-sized  insects  with  a  wing 
span  of  over  one  inch.  The  head  is 

large,  distinct,  with  moderately  long 

antenna',  which  are  probably  very 
delicate  sense  organs.  The  thorax  is 

compact,  bearing  the  moderately 

large  wings  ;  the  abdomen  is  lo:ig 

and  slender.  The  general  form  varies 

very  greatly,  probably  in  relation  to 

the  stinging  habits  of  the  female,  and 

some  are  gieatly  elongate  or  otheiwise 

bizarre  in  appearance.  The  female 

lias  an  ovipositor  which  may  extend 

to   a  considerable   length;  the  males         ""''' '^"'^nZlTr''''^"' 
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Fift.   9-t— PCI'A   <'\SIS   (II'    A   liltACDNIII, 
hi'si'iiNin;ii    11. oM  \  1.1  w. 

are  closely  similar  to  the  females  in  general  appearance,  hut  witlioul 

ovipositor. 

The  life  history  is,  so  far  as  known,  parasitic,  the  larva-  living  at  the 

expense  of  other  insects,  usually  Lcpidoptrra.     In  sjnteof  the  multipli- 

city of  species  and  their  great  im- 

portance, little  is  knowji  of  the  life 

history  of  these  insects  beyond  the 

fact  of  their  parasitism.  As  in  other 

j)arasitic   insects,   there  are  ])oints 
about  the  details  of  the  larval  life 

which  are  shrouded  indarkjiess  and 

deserve    further     study.     The    le- 

niarks  mad"  above  as  to  the  geneial 

life  ol  these  j)aiasitic  hymenopteru 

apply  to  tliis  family. 

This  large   farnily    has    re])resentativeR    in  evcT'y  ])art  ol  the  glolie, 

and  though  the  Indian  s[)ecies  aie  -[irobably  little    known,  Tu  specie,  are 
listed  as  Indian  by  Szepligetti. 

Bracoii  is  a  large  genus  with  nearly  thirty  Indian  species  largely 

Himalayan.  Of  these,  li.  niceviJlci,  Hingh.,  is  ])arnsitir  on  the  laiva 

of  Scirpophaga  nuriffiia.  Zell.  and  ot^iei'  insects.  This  s]»ecies  is  so  named 

hi  honour  of  Mr.  L.  de  Niceville  who  first  reared  it  in  Uehar.  (liulian  Mu- 

seum Notes,  Vol.  V,  No.  .'5,  ]>.  177.) 
It  is  a  large  insect,  the  wings  ('range 

and  black  (fig.  '.>;5),  vejy  conspicu- 
ous, and  a  valuable  check  upon 

this  pest.  The  female  has  a  hmg 

ovipositor  with  which  to  ])enetrate 
the  cane  and  reach  the  larva.  Little 

is  known  of  other  species,  which 

have  been  principally  collected  in 

the  hills.  A  number  of  jilains 

species  have  been  reared  and  the 

more  important  of  these  are  the 

following  •.—.iphidiuH  avni/f.  Hal., 
\$  paia.sitic  upon  the  wheat   aphis 

Fis   O.^-MiriKiiius  Kinili'KNNis, 
|I.  M.N.I 
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{Macrosiphum  granarium,  Kby),  Trioxys  sp.  has  been  reared  from  the 

cotton  aphis  {4phi/i  gossi/pii,  GIov.).  Mi'crodus  fnmipennis,  Tarn, 
fig.  05)  and  M.  fnherculatus,  Cam.,  are  recorded  as  parasites  of  the 

castor  caterpillar  (Trabnla  vishnu).  find.  Mus.  Notes,  Vol.  V,  p.  107.) 

Apanteles  glomeratus,  L.,  is  from  a  caterpillar  attacking  white  gourd. 

(?  Sphenarches  coffer,  Zell.)  A.  chiloms  is  parasitic  upon  the  larva  of 

Chih  avricHin.  Ddgn.,  which  attacks  cano.  A.  (Urogaster)  indicus  is 

parasitic  upon  the  cotton  bud  caterpillai  {Phi/rifa  infusella.Meyr.)  and 

A.  deprexsartcp,  on  Gelechia  gossifpiella,  the  pink  bollworm.  Apantelen 

commonly  pupate  in  very  noticeable  white  cocoons,  openly  on  the  plant 

near  their  victim ot  on  it.  (Plate  XXX VJ.)  Jthoqas  Lefrni/i  is  a 

parasite  of  the  spotted  l)ollworms,  Earias  insuJana,  Boisd.,  and  Enrias 

fnbia,  Ktoli,  a  very  important  check  upon  this  common  pest.  Micro- 
hracon  leitcnnifp  is  parasitic  upon  Nonaqria  untfornus,  Ddgn  ,  tlic 
Wheat  Stem  Borer. 

Stkphaniid^.. 

AntentKP  mani/'jointed. 

A  small  family  of  less  than  one  hundred  species,  of  which  one  is 

known  from  Tndia.  Wrmightonin  cornntn.  Cam.,  was  found  in  Bombay 

by  B.  V.  Wrought  on. 
EVAXIU)^. 

The  nhdomen  is  pettolate,  the  petiole  inserted  on  the  dorsal  portion 

of  the  median  segment.     Antennae  fUiform,  of 

thirteen  joints,  straii/ht. 

A  small  family  of  almost  certain  distinction  from  the  ])Osition  of  the 

abdomen,  only  a  very  few  insects  outside  the  family  sharing  this  charac- 
ter. Less  than  three  hundred 

species  are  kno\wi  in  all,  of 
which  six  occur  in  India. 

Evania  is  a  genus  of  me- 
dium-sized insects,  sombre  in 

colour,  with  a  very  short  ab- 
domen, which  is  very  slender 

at  the    base   (peduncle)    and 

broadly  truncated  at  the  apex.  *''«•  96-Kvania  sp. 

The  sting  is  short,  the  wing   comparatively  small,  the  thorax  robu«t. 
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To  any  one  who  lias  seen  these  active  insects  flying  about,  the  genus 
will  for  ever  be  at  once  distinct.  Tlie  imago  enters  houses  and  othe  r 

buildings  in  search  of  coclvroaches  (Blattidve)  in  whose  egg  capsules 

the  female  deposits  her  eggs  and  is  one  of  the  few  Hying  insects  ojie 

perceives  on  board  ship.  The  larva-  destroy  the  eggs  and  one  species 
has  been  very  widely  distributed  over  the  globe  where  th-  household 

cockroai'hes  arc  to  be  found  Evama  appendigaster,  L.,  is  the  Kurop- 
ean  species  found  now  in  all  but  the  coldest  parts  of  all  continejith. 

K.  antennalis,  Westw.,  is  described  from  Bombay  and  E.  aUnturniii, 

Cam.,  as  well  as    A',    carvicarinata.  Cam.,  are  Indian. 

Gastcruption  is  a  genus  containing  a  large  part  of  the  species  of  the 
family  and  includes  G.  urientak,  Cam.,  described  from  Bengal,  and  G. 
mandihuhre.  Cam.,  of  whose  habits  apparently  nothing  is  on  record.  It 
is  likely  to  share  the  habits  of  the  known  species,  and  ])r()ve  to  be  a 
parasite  on   iculeaie  H ymetwplera. 

Aulacux  bituberculatun  appeal's  to  U'  the  sole  other  recorded  sjiecies. 
Other  si)ecies  aie  known  in  Ceylon  and  it  is  })robabk'  that  these  witli 
others  will  be  found  also  in  India. 

Tbioonalu)^. 

Abdomen  ovale,  fiue-jonded,  turi  petiolnte.     Tror/iutUrrs  not  full i) 
divided.     Both  witms  with  a  complejc  venation. 

A  small  family  of  insects 
of  which  little  is  known. 

Schulz  has  ircently  hsted 

the  sjiecies  ((ienera  Insec- 
toium,  liK)7),  one  out  of 

forty-two  being  doubtfully 

Indian.  The  known  spe- 

cies are  parasites  on  Ves- 

pidc  and  )iy])er  parasites 
(m  Di])tera  ;  no  pupal 

cocoon  is  made  Piieu- 

dwjonaloti  flartnandi,  Sch. 

(fig.  97)  occurs  in  Dai- 
ieeling,  Foecilogonalos 

Via.  97— PSEUDOaONAMW  HAKMANW.  ,    ,    „  ,„     ̂ j 

^Fiomfhhttk.)  pulchella,       Westd.,       m 



182 SYMENOFriSRA. 

Ceylon  and  Bui'ina,  Ischmnjonahs  duhin,   Magr.,  in  Buima  and   Lijcn- 
(jnster  rufiventris,  Magr.,  in  Burma. 

TUBULIPERA. 

( 'h K YHii)^. —  Cuckoo  Wunpti . 

Trochanters  one-jointed.     Visible  ohdoiniufil  seijtticnts  iisualti/  three. 

This  family  is  most  easily  recognised  by  the  extremely  hard,  densely 

))unctured    integument  and  the    bright    metallic   green  or  blue-green 

Vtv.   it8-KllLBllM   CVANIM.UM. 
ir.  M.  II.  I 

colouring.  Tliey  arc  small  inhccts,  with  rather  small  dusky  wings. 

Tlie  head  is  of  moderate  size  with  large  eyes  and  ocelli;  the  antejinae 

are  short,  consisting  of  a  longer  basal  segment  (Seajje)  and  a  number 

of  short  joints  (finyellum).  The 

thorax  is  large  and  well  devclo])ed, 

the  abdomen  distinct,  with  usually 

tliree  visible  segments,  the  re- 
mainder   c(mcealed.      The     female 

has    a    long   retractile     ()vii)Ositor. 

The     bodiiy     structure     is     hard, 

designed  to   enable   the    insect  to 

curl  into  a  ball  (fig.  i)!)).    So  far  as 

is  known,  all    are   parasitic   upon 

Aculeate     Hymen  op  tera     and      a' 
number  have  been  reared  from  different  species 

53-—  •»(   

ya-  STILIIUM   CYANUHUM;  Cl'RI.r.Il 
INTO   A    BALL.     [F.  M.  H.l 

In  the  greater  number 
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the  host  is  not  known  and  we  are  not  aware   that  any  Indian  species 

lias  been  carefully  studied.     The  known  hosts  are  tabulated  here  : — 

Bembex  sp. 

()di/n"ruii  bipiintiihitus 

MetjachUc  f  rate  ma.  j 
,,        monticola  (, 

/iianeiicn  petiolato  I 
,,        ronica  ) 

E'liiiencn  conira  1 

petiolata  , 
,,        flavojiirfd  J 

Odyncnis  mullipidus 

Hceliphnm  inlntdcus 

Humcnm  dimidiati'iienniK 

parasitised  by  Iledifckrum  timiduw,  Dohl. 

,,        „        Iledychrum  flaininiddtuni,  Wni. 

[,     ,,        ,,        Stilbum  cynnurmn,  Forst. 

,.  Chrysis  futtciix'tmin,  Br.  (8ee 
.To.  Bo.  Nat.  Hist.  Soc.  Xil, 

p.  585). 

.,        (lirysk  mujmtata,  Mocs. 

C/irynis  dunjn,  Bin{,'h. 

Stilbnni  vyanurum,  Forst. 

(v'ldi' S.  splendid um,    (Vetin,   in 
Jo.   Bo.    Nat.    Hist.  Soc.   XIV, 

p.  «2:}). 
.,         Hi  lib}  (hi  cyanurutn,   Forst. 

,.        (^Iirysiis  on'enlalix,  (iucr  (i'uHa). 

,.     1  I7iry>ils  fmripnmis,  Br.  (I'usa). 
,,    ]  Hediirhridhim     riK/oninn,    Sni. 

'  (Smith). 

('linf>ilt<  {'!)  piibescenn.  Km. 
(Smith   A.  M.  N   H.  (2)  IX, 

p.   45). 

liingham  describes  four  sub-families  : 

Clepthirp.     Not  known  to  be  Indian. 

Ellampinfp      includes      KUnmpus,      llolnpyija,      Iledyehridimn, 

Hedyrhruni. 

Chrysidinae  includes  C/irysoyona ,  HlUbum,  Chn/sis,  EuchroeuM. 

Parnopinrt'  includes  Parnopcx. 

The  identification  of  these  genera  and  species  can  be  found  in  the 

Fauna  volume.  Hedychrum  flammuJatum,  Sm.,  is  the  only  widespread 

species  of  its  genus.  Stilbum  cyanurum,  Forst..  is  said  to  be  practically 

worldwide  and  is,  in  the  plains,  universal.     The  species  of  Cfiry/iis  are 

Pelnpn'UK,  s]i. 

Enmenoi  ronica  , 

SrelipJiron  roromandeliruw 
,,       mitdrdspatanum,  F. 

bilineattwi,  Sm. 
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SO  far  as  known,  mainly  local  but  their  superficial  resemblance  pro- 

bably has  led  to  the  belief  that  they  arc  all  common  and  not  worth 

observing  or  collecting.    C.  fuscipennis,  Br.,  C.  lusca,  Fabr.,  C.  orien 

talis,  Guer.,  and  C.  oculata,  Fabi.,  aie  widespread  and  common,  likely 
to  be   found  anywhere. 

CoUectimj.  Cuckoo-wasps  are  common  in  houses  and  in  the  open  ; 

they  require  to  be  caught  with  a  net  and  may  be  killed  with  Cyanide 

or  a  B.  C.  bottle.  Far  more  wanted  than  collecting  is  observation 

of  their  hosts  and  habits  and  rearing  from  nests  of  Aculeates.  The 

part  they  play  in  the  compHcated  relations  of  our  insect  fauna  is 

not  at  present  measurable  and  a  far  closer  knowledge  of  them  is 

required.  They  are  common  at  nearly  all  times  and  as  many  infest 

the  Aculeates  that  build  in  and  around  houses,  are  easy  of  obseivaticm 

A  really  close  study  of  one  species  would  well  repay  the  laboui  and 
time. 

ACULEATA. 

Our  knowledge  of  this  gi'ou])  is  due  largely  to  Wroughtoji,  wlio 
worked  in  the  Konkan,  Rothney  who  worked  for  1-i  years  in  Baiiack- 
pore  and  Bingham  who  worked  for  many  years  in  Burma.  The  last 
has  listed  the  species  known  up  to  ]89()  in  the  Fauna  of  India,  and  theie 
have  been  abundant  papers  since  then  adding  new  species.  With  the 
latter  we  are  not  concerned  ;  Cameron  has  described  hundreds  of  new 

sjjpcies  in  a  variety  of  publications.  G.  C.  Nurse  has  added  others  and 

it  will  be  long  before  all  are  desciibed.  Rothney's  paper  (Trans.  Ent. 
Soc,  London,  1903,  p.  93)  adds  to  our  infoimation  and  Home's  papei 
in  Trans.  Zool.  Soc.  Vll,  p.  108  (1870),  must  be  consulted. 

The  most  striking  point  about  the  Aculeates  is  the  fact  that  the 
whole  business  of  life  is  conducted  by  the  imago ;  the  larva  is  j)ractically 
hel})less  and  if  not  actually  fed  by  the  imago  is  at  least  provided  with 
an  amjjle  supply  of  carefully  gathered  food  which  simply  has  to  be 
devoured  Without  careful  search  we  never  see  the  larva  of  an  Aculeate 

and  the  imago  alone  is  active.  This  specialisation  in  life  history  is 
associated  with  extraoidinary  speciaUsation  in  habits  and  consequently 
in  structure ;  the  activities  of  these  insects  excite  the  admiration  of  all 
who  observe  them  and  their  extremely  varied  ingenuity  is  unparalleled 
in  any  other  insect  group  ;  for  this  reason,  they  are  placed  at  the  head 
of  insects  in  mental  activity  and  intelligence  and  they  are  unquestion- 

ably very  far  removed  from  any  of  the  primitive  types  of  insect  life. 
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At  the  same  time  it  must  not  be  thought  that  tlieir  activities  show 

any  mentality  comi)arable  to  that  of  man  ;  even  ants  are  unreasoning 
and  these  insects  are  endowed  witli  extremely  c<)ni])jex  and  beautiful 
instincts,  of  so  remarkable  a  kind  that  many  naturalists  see  in  tliese 
insects  a  powerful  argument  against  the  doctrine  that  such  instincts, 
as  all  insect  activities,  are  the  result  simply  of  natural  selection  and 
adaptation. 

From  man's  point  of  view  these  instincts  are  in  a  sense  admiiable 
and  are  yet  inferior  since  they  are  mere  blind  instincts  which  cannot 
vary  and  which  involve  no  reasoning  faculty.  A  dog  has  more  reason- 

ing power  and  a  higher  older  of  mentality  than  the  highest  insect ;  the 
absolute  stupidity  of  the  ant  but  the  wondeifui  nature  of  it.>  ins- 

tincts is  a  curious  contrast. 

MuTiLLinyK. — Vchcl  Anln. 

Male.    Pronotuin  reaching  tlie  teyiihr.     J  (ovulnrtion  helween  the  firisl  ati'i 

second  abdominal  sigments.    Middle  (oxw  (ondgiioim. 

Female.     Wingless,  ant-like  without  abdominal  nodes. 

The  wingless  females  are  very  readily  recognised  by  tlieii  ant- 
like   appearance  and    bright   colouis,    there    being   no    nodes  on  the 

Fit;.    100.  -Ml'TlLLA   sh\MA(  I  LAIA,   MALI.. 

abdomen  as  in  Formieida.  The  males  are  usually  recognisable  as 

they  have  a  characteristic  appearance  and  colouring,  but  the  above 

characters  must  be  verified  in  case  of  doubt .  The  wingless  females  are 

small   insects  from  an  eighth  to  a  quarter  of  an  inch  in  length  ;  the 
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colours  are  always  waj'iiing,  striking  and  vivid,  red  and  blaek  predo- 

minating with  white  and  golden  spots  or  bands  on  the  abdomen.  The 

males  are  larger,  up  to  half  an  inch  in  length,  colouj'ed  in  black  and 

red,  the  wings  usually  smoky,  the  abdomen  commonly  red.  Tlie 

colouring  is  less  consjncuous  than  that  of  the  females  and  is  perliai)s  a 

milder  fojra  of  warning  colouration. 

The  family  practically  consists  of  one  genus,  Mutilla.  There  is 

however,  the  peculiai  insect  Apterniji/Ha  tmitiUoi.det,,  Sm.,  a  species  likely 

to  puzzle  any  but  a  close  student  of  this 

group.  This  insect  has,  in  both  sexes,  a 
constriction  between  both  the  fiist  and 

second,  and  the  second  and  thiid  seg- 
ments ;  the  winged  male  has  a  peculiai 

upturned  spine  at  the  apex  of  the  ab- 
domen and  the  veuation  of  the  wings  is 

much  reduced  not  extending  to  the 

outer  maigiii  The  insect  is  not  com- 

mon but  is  striking  and  deserves  men- 
tion.    It  is  one  of   tlie  few  insects  found 

Fig.   101.— Ml'TILLA     JiK.IA 

in  the    sandy   wasteh  of   some   paits  oi  ,  (.male. 
North    India   and   is   also    known    from 

Barrackpore  Of  Mutilla,  some  liiO  species  are  described  in  the  Fauna 

of  India,  as,  however,  the  males  of  some  sjiecies  only  are  known,  and 
the  females  of  some,  and  as  these  could  probably  be  paired  off  if  we 

knew  more,  the  number  of  species  may  be  exaggerated.  The  discri- 

mination of  these  species  is  by  the  colour  markings,  wliich  are 

extremely  constant,  and  the  student  should  consult  the  key  in  the 
Fauna  of  India  volume. 

Mutilla. — Is  one  of  the  insects  far  more  common  and  well  lepie- 
sented  in  the  hot  plains  than  in  the  liills.  The  active  females  are  to  be 
found  everywhere  in  moist  as  in  very  dry  surroundings;  the  hmited 
distribution  assigned  to  so  many  species  is  due  s  mply  to  the  fact  that 
in  so  few  places  have  tliey  been  collected,  though  where  they  have  been 
collected  many  species  have  been  fsuiid.  Anyone  who  observes  closely 
the  insect  fauna  of  our  fields  is  sure,  sooner  or  later,  to  witness  the  mat- 

ing of  Mutillids.     It  vaiies  in  detail  with  the  species ,  those  seen  by  the 
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author  have  been  tolerably  similar,  The  male  is  a  powerful  insect  with 
long  legs  and  strong  wings  ;  he  finds  the  female,  seizes  her  by  llie  ]tio- 

thorax  and  flies  off;  on  some  eonvenient  s])ot,  he  mates  with  her,  elas])- 
ing  lier  firmly  to  him  by  his  forelegs  and  standing  erect  on  liis  others ; 

she  is  perfectly  helpless  and  is  apparently  fiimly  held  throughout.  The 

first  time  1  was  ])rivileged  to  see  this,  I  was  much  stiuck  as  in  the  fre- 

(|uent  intei'vals  the  male  shook  the  female  with  a  twisting  motion  us 
we  should  shake  a  bottle  whose  contents  we  desired  to  mix  well  ;  this 

extraordinary  perfoimance  is  worth  seeing,  but  occurs,  so  far  as  1 

know,  not  in  all  species,  as  in  the  majority  i  liave  seen  the  ])roce(lure 

was  straightforward  and  not  accompanied  by  this  peculiar  rite ;  uji- 
fortunately  I  was  so  interested  that  when  1  sought  to  cajjture  fheni 

and  determine  the  species  they  escaped 

It  is  impossible  to  discuss  individual  Mutillids  in  tliis  place  and  the 

student  will  find  lull  descriptions  in  the  Fauna  of  hidia.  Tlie  foui 

commonest  species  are  perhaps  M.  dimidinUi,  Le]).  M.  i)ilcrniiila,  Oliv. 

.1/.  (UmUs,  Lep.  and  M.  svjcmaculata,  Swed,  but  very  little  is  known  as  to 

the  geographical  distribution  in  India  of  the  nuijority  of  tlie  species. 

All  are  parasitic  upon  Aculeate  llynu'noptera  but  few  have  been 
actually  bred  from  their  hosts 

M.  mjia,  Sm.  (fig.  101)  was  found  in  the  nest  of  Eitmciics  cDinra 

and  was  also  reared  from  the  pu])a  of  this  was]),  (i.  ('.  Nurse  also 
reared  this  species  fiom  the  nests  of  Eumcncs  (sitncns  (Jo.  Horn.  Nat. 

Hist.  Soc.  XIV,  p.  271).  Mutilla  diacn'Uu  ('am.  has  been  reared  from 
Crabro  orientalis,  Cam.  in  Pusa  and  M.  jxmimcnms,  Cam.  from  the  nest 

of  an  Einnmes  in  the  same  place.     (Plate  Xill,  figs.  I,  2.) 

(V>/ierf/rif/.-- Mutillids  ai'e  easy  to  collect,  the  females  onthe  ground, 
the  males  in  a  net.  The  females  should  Jiot  he  handled  with  the  bare 

fingers  as  the  sting  is  distinctly  ])ainful.  Every  mutillid  seen  "in 

cop  "  should  be  collected  since  tliis  is  tlu^  easiest  way  in  which  to  match 

the  sexes.  A  great  deal  of  observation  and  leaiing  is  re(|uired  )>efoie 

we  can  estimate  the  importance  of  the  grouj)  sijice  their  liosts  are  un- 

known and  every  opportunity  of  determining  what  their  hosts  are, 
should  be  taken. 



SEX.  180 

should  bear  these  large  horns  and  have  so  massive  a  development  is 
a  question  no  one  appears  to  have  satisfactorily  answered  and  we  should 
like  to  see  a  careful  inquiry  made  into  the  relative  numbers  of  the 
sexes  of  these  beetles  either  in  one  locality  or  in  the  offspring  of  definite 
parents.  In  these  forms  there  is  usually  great  variation  in  the  actual 
amount  of  development  of  the  horns  or  mandibles  and  in  some  species 
there  arc  distinct  types,  known  as  teleodont  (long  mandibied)  priodmii 
(short  mandibied)  and  mesodont  (intermediate)  in  the  one  species.  The 
large  males  of  the  MufiUldcr  are  accounted  foi  (wrongly  ])cihaps)  when 
we  consider  that  not  only  must  they  fly  and  be  active,  but  that  they 
usually  seize  and  carry  off  the  females  and  that  furthei  the  eggs  in  this 
group  are  not  bulky  or  abundant.  Small  males  offei  no  apparent  diffi- 

culty since  it  seems  natural  as  we  have  said  above.  Marked  difference 
Occurs  notably  in  Phasmidw,  in  the  social  insects  such  as  bees  and  ter- 

mites, in  many  moths,  some  beetles,  and  in  some  Acridiidw  ;  it  is 
probably  con ect  to  say  that  some  preponderance  in  the  female  is 
the  general  rule  in  insects,  but  it  is  more  marked  for  instance  in 

Atractomor'pha  and  some  allied  Pifrqomorphides  than  in  most  .irndndfr, 
and  the  groups  we  mention  will  fuinish  conspicuous  exam])les  to  the 
student.  Tt  is  curious  that  this  is  less  maiked  in  Rhynchota  and  one  is 
inclined  to  associate  such  sex  differentiations  with  the  rnoie  si)ecialised 
and  highly  developed  groups. 

An  interesting  sex  modification  is  that  in  which  the  female  has  moie 
developed  mouthparts  than  the  male,  as  in  the  CulicidcF  and  blood- 

sucking CJiirovomidfP.  In  these  forms  the  female  alone  can  suck  blood. 
It  is  possible  that  this  really  occurs  more  fiequently  than  is  lecoided  ; 
there  is.  for  instance,  a  marked  difference  in  the  size  of  the  mouthpaits 
of  some  Pyralids  (Lamoria,  etc.).  Another  and  a  fundamental  differ- 

ence that  scarcely  needs  mention  is  the  natui'ally  longer  life  that 
the  females  enjoy  ;  in  a  very  great  numbcT  of  cases,  the  completion  of 

the  male's  functions  determines  his  death  and  this  must  precede  the 
death  of  the  female  which  has  often  to  wait  foi  a  considerable  time 

before  she  can  successfully  deposit  hei  eggs  This  is  very  mat ked  foi 
instance,  in  some  species  in  which  the  female  waits  hmg  periods  as  in 
the  mango  weevil  {Crij'ptorJiynchus  qrnvis  F.},  where  the  males  die  in 
August,  the  females  living  until  next  March  to  lay  eggs  We  believe 
this  occurs  in  a  very  large  number  of  forms  and  it  is  a  factor  that  must 
be  taken  into  account  in  estimating  the  relative  proportions  of  each  sex 
found.  It  would  be  interesting  to  know,  foi  instance,  how  far  this 
occurs  in  long-lived  imagines  such  as  butterflies  ;  do  the  males  die  eai  ly 

or  do  they  wait  until  the  females  can  lay  eggs  before  mating '! 
We  come  then  to  a  vast  number  of  small  modifications  in  one  sex 

which  are  less  directly  connected  with  sex  in  the  sense  that  they  are  con- 
nected only  with  courtship  and  the  preliminaries  to  mating.  The  lumi- 
nosity of  some  insects  may  be  cited,  the  European  glow-worm  being  an 

example  of  a  female  wingless  beetle  which  is  luminous  possibly  as  a  guide 



liXI  HYMENOPTERA. 

to  the  winged  male.  Our  luminous  beetles  are  so  in  both  sexes  and  in 

the  larva',  so  that  this  luminescence  may  not  be  conneeted  with  sex.  A 
better  example  aie  the  singing  insects,  in  which  the  males  sing,  the 
females  are  silent.  We  have  biiefly  discussed  this  elsewhere  (undei 

( 'iradidm)  and  it  is  not  certain  that  song  is  really  connected  with  sex, 
though  it  is  likely  to  be  so.  In  a  great  number  of  male  moths  and  buttei  - 
flies,  scent  production  from  special  hair  tufts  is  a  featuie  of  the  males 
alone  and  the  frequency  with  which  this  occurs  points  to  its  being  an 
impoitant  factor  in  successful  mating.  The  variety  of  situations  in 
which  these  tufts  occuis,  their  diverse  fojmand  size  are  marked  featuics, 

for  instance,  in  our  Noctuide  and  Pyralid'ji',  while  the  male  pouch  and 
Hcxmarks  of  butterflies  are  simply  scent  producing  organs. 

Haase  discusses  this  point  (Zool,  Anzeiger,  XI,  1HH8,  No.  2X1). 
Plateau  remarks  that  in  Lepidoptera,  scent  oigans  exist  for  thiee  j)ui- 
])ose8;  in  Dannis  and  Euplfpa,  they  are  defensive,  the  scent  being  unplea- 

sant and  derived  fiom  a  caustic  fluid  ;  in  some  Lepido))teia,  notably 
Fiombycidsp  and  Saturniidse ,  the  scent  is  diffused  by  the  female  to 
attract  the  male,  the  latter  having  vejy  sensitive  ojgans  of  smell  ;  in 

many  butterflies  the  males  emit  a  "  seductive  "  scent,  that  has  in  some 
cases  been  comijared  to  vanilla,  and  which  is  employed  only  in  coujt- 
ship.  li  is  the  last  which  Haase  discusses  ;  he  states  that  scent  oigans 
occui  in  one  of  the  following  positions  . 

Wint/s. — On  the  whole  upper  surface  of  both  wings.  (Pierida). 
In  tultb  on  the  up])er  surface  of  both  wings  (some  Sotijridps).  Jn  a 

costal  fold  of  the  forewing  (some  Hespenido').  On  the  up})ej'  surface 
of  the  disc  of  the  foiewing  ((^tjntlna,  Alella,  Anjipitnti.  etc.,  and  some 
Iff'speriidcr).  On  the  lower  surface  of  the  disc  of  the  forewing  {Eu- 
rcma.  etc  ).  On  the  folded  costal  edge  of  the  hindwing  (Patnla) 
On  the  upper  surface  of  the  hindwing  [Pierids.  Dnixiis,  Morphides, 

Sitti/ridi's,  etc.). 

On  the  anal  area  of  the  hindwing  above  (Papihovidcs.  Ormlhoj)- 
In  a.  Pom  pens,  etc.),  or  below  (Morphidest) 

On  the  lower  surface  of  the  hindwing  (Plccoptcta  in  Noctuida"). 
On  the  i)ait  of  the  two  wings  which  rub  together  wlien  in  nrotion  (Catop- 
silia,  Eupl<ra,  Ergolts,  Morpliides,  Mijcalesiit,  Lt/ra'nidrs.  some  IJcspc- 

n'ldes  and  some  Heterocera). 

Thorav  and  ahdowen. — Many  Kphingids,  Agaristids  and  some  Noc- 
tuids  liave  scent  organs  on  the  first  a1  dominal  segment.  In  some 
Pierids,  in  all  Danaids,  in  Callidulids  and  some  Noetuids,  a  tuft  of  odo- 

rous scales  can  be  protruded  from  each  side  of  the  genital  aperture. 

Palpi  and  Legs. — In  a  Deltoid  (Bertula)  a  tuft  occurs  on  the  palpi, 
in  a  few  forms  tufts  occur  on  the  tibiae  of  all  the  legs,  on  the  forelegs 
only  {Spodoptera),  on  the  middle  tibiae  (many  Nortuidcp),  on  the  hind 
tibia'  (some  Hcupcriida',  Hcpinhdrr,  Ili/hlcpa  and  many  Geometrida). 
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SEX. 

The  Mutillida'  oiTei'  a  striking  example  of  that  difference  in 
structure  connected  with  sex  which  is  found  in  some  form  or  another 

throughout  the  insect  woi'ld.  It  is  at  first  sight  a  striking  thing  to  find 
that  throughout  a  whole  family,  the  female  is  wingless,  but  there  are  so 
many  other  striking  differences  that  wc  may  here  draw  the  attention  of 
the  student  to  some  salient  points  in  this  matter. 

We  may  omit  here  all  reference  to  structures  such  as  ovaries,  clas- 
pers,  ovipositors,  etc.,  connected  with  the  primary  needs  of  mating  and 

egg-laying  ;  these  must  obviously  be  present  in  every  mature  sexual 
form  and  on  theii'  examination  must  ultimately  depend  the  determi- 

nation of  sex.  Apart  from  these  structures,  which  are  not  always  rea- 
dily discernible  without  dissection,  there  are  a  number  of  other  differ- 

ences less  immediately  connected  with  the  actual  sexual  functions  and 

which  are  often  more  I'eadily  discernible.  We  may  at  once  notice  the 
wingless  females,  so  marked  a  feature  in  MutiUidff.  We  are  probably 
correct  in  saying  that  in  this  family  the  female  has  lost  her  wings  since 

she  does  not  requii'e  them  in  her  search  for  the  nests  of  her  hosts  but  that 
the  male  I'etains  them  simply  to  aid  him  in  his  search  for  the  female. 
The  same  is  true  of  other  forms,  where  the  loss  of  wings  appears  to  be 
an  advantage  but  one  which  cannot  be  shared  by  tlie  male  as  on  him 
falls  the  work  of  seeking  out  his  mate.  Among  Lepidoptera,  the  Psy- 
vhidce  are  an  excellent  example  and  a  few  Lymantriidw  exhibit  the  same 
phenomenoii.  All  male  Coccldw  are  winged,  all  females  wingless  ;  many 
Phastnidce  have  wingless  females,  while  some  of  the  species  of  the  Re- 
duviid  genus  Physorhynrhus  are  winged  only  in  the  male,  though  some 
other  species  of  the  genus  are  wingless  in  both  sexes,  the  wings  however 
more  completely  absent  in  the  female  than  in  the  male,  as  if  the  former 
liad  lost  them  first.  In  the  Lampyride  division  of  Malacodermida', 
wuigless  females  are  not  uncommon  and  in  some  genera  the  females  are 
prartioally  unknown,  only  the  males  being  found  as  winged  beetles. 

Uzel  mentions  the  exact  reverse  of  this  in  Thysanoptera, where 
we  find  a  wingless  species  in  which  some  females  become  winged  to  dis- 

seminate the  species.  This  reminds  one  of  the  Aphidw,  where  after  a 
colony  of  wingless  females  is  formed,  winged  females  are  found  which 
fly  away  and  start  new  cohmies,  though  this  last  case  is  not  connected 
with  sex. 

The  next  notable  point  in  sex  is  size  ;  here  we  have  two  groups,  one 
in  which  the  male  is  larger  and  the  difference  in  size  is  connected  with 
his  functions  ;  the  other  in  which  the  female  is  larger  apparently  because 
on  her  falls  the  more  arduous  task  of  providing  for  the  offspring  or 
because  the  mere  bulk  of  eggs  to  be  produced  and  carried  necessitates 

a  larger  body.  Large  males  at  once* suggest  the  Lnranidce  (Stag  beetles) 
and  the  Dynastidas,  the  great  size  being  connetsted  with  the  hypertro- 
phied  mandibles  or  horns  on  the  prothorax  and  head.    Why  these  beetles 
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antennffi  of  the  male  are  plumose  in  some  families,  the  eyes  are  larger 
and  more  closely  approximated  on  the  frons  in  others,  and  there  are  in 
some  cases  very  distinct  claspers.  Tn  Neuroptera,  it  is  necessary  to 
look  for  male  claspers   which,  however,  are  not  always  piesent. 

Thynntd-s;. 

Prnnotum  reacliim/  the  base  of  the  winqs,  basal  abdominal 

se</m"nt  not  conxtricted.     Poderinr   leqs  short, 

female  apterous. 

A  small  family  containing  two  Indian  genera  and  six  species,  none 

common  or  generally  to  be  found.  The  winged  males  have  a  distinct 

upturned  spine  at  the  apex  of  the  abdomen  (as  does  also  Jpierofn/na); 

the  recorded  species  are  Methnra  birolor,  Cam  (liarrackpoie)  ;  M.  onen, 

talis,  Sm.  (N.  India) ;  M.  smithii,  Magr.  (Bengal,  Burma) ;  M.  rnqosa, 

("am.  (Ceylon);  Iswara  lutem,  Westw.  (Kind);  Iswara  fasriafus,  Sm. 
(Sind).  Any  observations  on  the  habits  of  these  insects  will  be  ol  value 

as  nothing  appears  to  be  known.  (Methoea  is  by  some  authois  [(•.<!., 
Andre)  classed  with  Mutilhdce). 

.ScoLTTn^-. 

Pronotum  reachimi  the  tequlce.    A  constriction  between  first 

and  second  abdominal  segments.    Middle  cotcp 

separated.     Both  sexes  winged. 

This  family  includes  a  number  of  moderate    sized  flying  insects 

classed  generally  among  wasps  ;  none  are  very  small,  while  some  are 

amongst  the  largest  of  the  Aculeates. 

The  colours  are  usually  warning  to  a 

greater   or   less    degree,    black    with 

yellow  or  orange  predominating.    The 
head   bears   the  antenna?,  which  aie 

larger  and  more  slender  in  the  males  ; 
there  are  the  usual  three  ocelli  on  the 

vertex ;  the  mandibles  are  large  ;  the 

thorax    and   body   is  robust,  heavier    Fig.  102-Ei,is  annpi.ata,  fkmai.r. 
in  the  female  and  usually  clothed  with 

rather  thick  hair.    The  legs  are  short  and  spinose,  the  wings  well 

developed,  the  venation   valuable  for   the  discrimination   of  genera. 
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The  student  of  Pyralida  will  find  that  he  must  study  the  male 
secondary  sexual  characters  very  carefully  in  distinguishing;  species 
and  that  they  occur  with  great  frequency  in  a  very  marked  foim.  One 
of  the  commonest  male  characters,  is  a  greater  apparent  dovelopmt'nt  in 
the  antennr  and  this  is  shown  in  most  moths,  the  female  having  often 
simple  antennv  while  the  male  has  them  ciiiate,  pectinate,  fasciculate 
or  modified  in  some  way.  Were  more  known  of  the  actual  habits  oi 
moths,  we  might  be  able  to  say  whether  these  modifications  gave  the 
male  a  greater  chance  of  finding  the  female,  for  instance,  by  giving  the 
antenna  a  more  delicate  or  special  sense.  At  present  notliing  is  known 
and  there  is  no  real  information  as  to  how  insects  find  each  otlier.  This 

development  of  the  antenna-  is  a  feature  also  ol  (Utiicida',  witli  a  more 
astonishing  difference  in  the  relative  development  of  the  ))alps  (hose 
of  the  males  being  very  much  largei.  Theie  is  also  a  suiprising  devel- 

opment of  the  antenna^  in  the  male  Lampi/ri(hi'  in  species  in  which  the 
luminescence  is  little  developed. 

We  cannot  leave  this  subject  without  biiefly  touching  the  pioblem 
that  every  student  finds  of  determining  the  sex  of  an  insect,  it  is  ex- 

tremely irritating  to  find,  for  instance,  characters  given  for  the  males 
only,  while  one  has  not  en<»ugh  of  a  species  to  have  both  sexes  and  one 
does  not  know,  without  dissection,  what  is  the  sex  oi  tlie  specimen  one 
ha'!.  To  deal  ade(iiiately  with  this  subject  would  requite  very  majiy 
pages  and  a  separate  treatise.  In  some  families  sex-distinction  is  ea,sy, 
as  in  LocHstidfF,  On/lbdw.  Acridudw,  many  Parasitic  Hi/nirnoptcra,  and 

those  gioups  which  have  a  distinct  oviposilor.  In  others  thet'c  is  no 
sueli  obvious  distinction,  and  in  some  families  dissection  is  actually  ne- 

cessary. This  is  the  case,  for  instance,  in  the  bulk  of  the  Rhiinchnta, 
Hetpwptera  ;  Distant  is  discreetly  silent  in  the  Fauna  ol  India  on  this 
])oint  except  where  such  obvious  differences  occur  as  in  Phi/sorhi/nr/nin. 
In  some  species,  the  ])08session  of  cla8])ers  ])oint8  to  the  males  (Lrplo- 
ronaa),  the  larger  liodies  and  distended  abdomen  of  the  female  some- 

times marks  tlie  female  (Di/ndcrrus,  etc.).  Coupling  unfortiuiately 

affords  no  evidence  as  these  forms  couple  in  opposition.  (('ou))ling  is 
by  opposition  in  Lepidoptera  and  Hemiptera,  by  su])erpositio)i  in  Colcop- 
tern,  (ktlioptera.  Diptera  and  Hi/ men  opt  era).  Coleoptcm  is  anot'ier 
Older  in  wliicli  theie  is  no  one  characteristic  of  the  male.  There  aie 
abundant  small  characters  in  different  families,  but  they  must  be 
learnt  for  each.  In  Orthoptera,  the  matter  is  simpler  ;  in  Forficubdtt 
the  male  has  nine,  the  female  seven  abdominal  segments  ;  the  genital 
styles  mark  the  male  Blattids;  the  male  Mantids  have  two  more  visible 
ventral  segments  (eight,  really  Jiine),  than  the  female  (apparently  six, 

really  seven).  The  female  Phasmid  has  the  egglaying  gutter  or  process  ■ 
while  the  Acridiid  female  has  tv\o  pairs  of  digging  processes  ;  Lorusfld 

and  Grylh'd  females  have  usually  an  ovipositor.  In  Rhopalnpera,  the 
male  sex  marks  arc  usually  distinguishable  in  the  form  of  glandular 
hair  patches  :  in  moths.  Hampson  has  pointed  out  that  the  frenulum 
is    simple    in    the   male    compound  in   the   female,     in    DIptna   the 



PLATE   X.— FossoREs. 

Fig.   1.  Hutneiies  conica  ,  neat  aeen  from  the  attached  side,   containing 
green  caterpillars  and  a  feeding  larva 

2.  Nest  as  seen  from  outeide. 

3.  Taohytea  erythropoda, 
4.  Aetata  agilta. 

5.  Tachysphex  testaeeiceps. 
6.  Larra  sumatrana. 

7.  Notogonia  subleaselata . 

8.  Lyroda  fwmoaa. 

9.  Pison  I'ngosum. 

\  Ti  ypoxylon  canaltoulatt<,m. 11.  ) 

12.  Stisus  prismaticua. 

1  3      I'hilanthuH  pnlcheyrimns. 
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Males  are  smaller,  more  slender  and  usually  have  spines  at  the  apex 
of  the  abdomen. 

Nothing  appears  to  be  on  record  as  to  the  habits  of  this  family  in 

India  ;  as  a  whole  they  are  probably  parasitic  upon  the  larvae  of  Coleop- 

tera  in  the  soil,  especially  ScardbceidcB ;  they  persistently  flyover  the 

soil,  but  none  have  been  reared ;  Froggatt  (Agri.  Gazette,  N  .S.  Wales, 

1902),  records  Dielis  formosa,  Guen.,  as  an  enemy  of  the  beetle  Xylotru- 

-pes  australicus,  Thorns.,  in  Queensland  ;  the  wasp  burrows  down  to  the 
grub  in  the  soil,  stings  and  paralyses  it,  lays  an  egg  on  it  and  goes  away  ; 
the  larva  on  hatching  devours  the  grub  and  pupates  there.  It  is 

highly  probable  that  our  species  have  similar  habits.  The  waspe  visit 
flowers,  not  to  obtain  pollen  but  to  feed  on  nectar. 

Five  genera  and  87  species  are  recorded  as  Indian,  of  which  nine 

are  common  in  the  plains. 

Tiphia  rufo-femorata,  Sm.,  is  a  small  black  insect  with  red  posterior 

femora,  widespread  but  not  very  common.  G.  R.  Dutt  has  ascer- 
tained that  Myzine  dimidiata,  Guer.  (known  from  male  only),  couples 

with  M.  Madraspatana  Sm.  (known  from  female  only),  and  presumably 

they  are  one  species. 

Scolia  includes  large  insects,  thickly  haired;  S.  quadripustulata, 

Fabr.   (Fig.  103),  is  the  very  common  species,  black  with  the  abdomen 

usually  red  on  the  side  and  sometimes 

across  the  upper  surface.  Elis  falls  into 

two  series,  according  as  it  has  two  or  three 

cubital  cells.  In  the  former  are  the  com- 

mon species  ;  E.  annulata,  Fabr.,  is  very 

common,  the  female  black  with  white 

pubescence,  the  male  with  yellow  bands 
across  the  abdomen ;  the  latter  are  com- 

'''^*  '"I'ta.""*""''     monly  captured  asleep  in  the  evening   or 
early  morning,  on  grass  stems  or  plants,  and 

it  is  no  uncommon  thing  to  see  a  number  settling  down  for  the  night 

on  a  convenient  cane  leaf.  Elis  thoracica,  Fabr.,  is  the  large  black  wasp 

that  frequents  cotton  flowers,  and  which  is,  perhaps,  an  important 

factor  in  cross-fertilisation.  Liacos  analis,  Fabr,,  is  also  common, 

black  with  a  variable  amount  of  red  on  the  abdomen. 

HL  1^ 
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PoMPILIDi?;   (CeBOPALID;®) 

Protwtum  renrh-nq  the  insertion  of  the  irim/n.     Leijs  long. 

The  Pompilids  ajc  not  a  large  family  but  contain  some  of  the  most 

conspicuous  of  the  Aculeates.  There  arc  comparatively  large  forms,  as 
well  as  very  small  ones.  The 

colouiing  ifi  sometimes  dis- 
tinctly warning,  but  not  in  all, 

the  deep  blue-black  of  Poni- 
pthiK  anahs,  for  instance,  not 
being  of  obvious  utility.  Theie 
are  no  striking  structural 
features  ;  the  males  are 

smaller,  the  abdomen  witli 
one  more  visible  abdominal 

segment.  The  females  have 
somewhat  flattened  forelegs 
in  some  cases,  to  fit  them  foi 

burrowing  and  excavating  in  soil 

Kijt.  104.  -PsfcriiACKNIA  HONTMA. 

The  habits  of  some  Indian  species  are  known,  but  there  is  room 

for  much  observation.  As  a  whole,  these  insects  have  the  typical  habits 
of  Fossores,  catching  their  prey,  stinging  it,  laying  it  up  in  a  convenient 
place  for  their  young  and  depositing  an  egg  there.  Bingham  states 

that  "  Agenia,  Pseudagenm,  Paramenia  and.  1  sus])ect.  Maeromeris  too, 
construct  little  earthen  shells  for  nests."  Others  utilise  available 
chinks  or  holes  or  make  holes. 

Maeromeris  violaeea,  Lepel.,  is  a  common  insect,  of  whose  habits 

practically  nothing  is  known.  Bingham  records  seeing  a  species  carry- 
ing spiders,  and  G.  R.  Dutt  has  obtained  clay  cells  (stored  with  spiders) 

under  the  bark  of  old  trees,  made  of  mixed  mud  and  vegetable  matter. 

Pseudagenia  blanda.  (Juer.,  is  a  smaller  metallic  blue  insect  common 

throughout  India. 

G.  R.  Dutt  Jias  found  that  Pseudagenia  bkmda  makes  small  earth 

cells  under  the  bark  of  trees,  the  cells  (filled  with  spiders),  like  those  of 

Sreliphron  madraspatanum,  but  smaller  and  always  in  pairs,  the  one  cell 
smaller  than  another.    From  the  larger  cell  the  female  emerges,  from 
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the  smaller  the  (hitherto  undescribed)  male,  the  latter  three  days  ear- 

lier than  the  former.    It  is  apparent  either  that  the  mother  wasp  lays 

Vig,  105.— NRi-r  or  s(  elii'hron  coromandkliciim  occiiriBD  B^ 
I'SKl  MAdCMV   CI.VrrATA,         ),. 

eggs  of  each  sex  alternately  oi  that  she  can  control  the  sex  jjroductioii, 

or  that  the  greater  amount  of  food  stored  in  the  one  ease  makes  a  female 

imago. 
We  figuie  a  large  compound 

clay  nest  from  which  were  reared 

P.  chjpeata.  The  nest  consists 
of  an  old  nest  of  Sreliphroti 
roromandehru m ,  of  which  the 

cells  were  occupied  by  the 

Pnevdagenm  :  since  the  latter 

requires  a  smaller  cell,  she 
divides  the  cells  by  a  partition 

and  then  utilises  them  ;  hut  she 
also  builds  on  additional  cells 

round  the  old  ones;  in  Fig.  \0h 

the  large  cavities  in  the  middle 

Tepresent  old  Sceliphron  cells, 
(the  nest  seen  from  below)  the 
.■imaller  holes  round  cells  added 

by  Pseudagenia.  That  the 
cells  were  originally  made  by 

Sceliphron    is    proved    by    the 

Iflg.  lOfl  -  MACKOMEttlH    VIOLACKA  VAB 
IKIDIPBNNIS;  CEtl,   X  H. 
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occurrence  of  a  dead  one  in  one  cell.    Hymenopterous  and  Dipterous 

parasites  attack  tliis  Pseudagenia. 

Salius  includes  a  number  of  species,  of  wliich  some  are  abundant. 

Salius  flavus,  Fabr.,  is  the  common  yellow  insect,  the  wings  yellow  with 

deep  purple-black  at  the  apex ;  it  has  been  observed  to  store  spider
s 

in  the  ground.  Bingham  remarks  that  some  store  cockroaches  or 
crickets  in  holm  in  trees. 

The  following  notes  record  the   observations  of  T.  V.  R.  Aiyar, 

formerly  Assistant  at  Pusa  : — 

From  March  to  July  this  insect  is  the  commonest  of  the  bigger 

species  of  Pompilidce  in  Pusa.  It  is  found  very  generally  in  open 
meadows  with  a  pretty  hard  soil 
and  in  such  parts  of  the  meadow 
where  there  are  often  found  big 

holes  made  in  the  ground.  Not 

uncommonly  this  insect  is  found 
under  trees  where  the  ground 

is  covered  by  fallen  leaves  and 

twigs.  In  these  localities  it  is 
found  very  busy  searching  holes 
for  spiders ;  its  active  progression  pig.  iot.-pomi-ilus  anauk. 
with  itt>  long  limbs  and  occa- 

sional flight  is  very  graceful  to  look  at.  With  great  patience  it  goes 
on  visiting  hole  after  hole.  One  has  been  watched  searching  every 
hole  in  half  an  acre  in  the  meadow  in  the  Botanical  area  for  full  two 
hours  and  a  half  with  no  success ;  at  last  finding  the  search  fruitless,  it 
flew  away  and  perched  on  a  distant  tree. 

When,  however,  the  Salim  is  fortunate  and  in  its  search  comes  across 
an  inhabited  spider  hole,  it  comes  out  of  it  quickly  and  prepares  itself 
for  the  affray.  The  preparation  consists  of  a  slight  rest  followed  by  the 
cleaning  of  the  antennse  with  the  front  legs  and  of  the  abdomen  with 
the  hind  limbs.  It  then  carefully  enters  the  hole  and  disturbs  the 
tenant.  Within  a  second  out  come  both  the  wasp  and  the  spider. 
The  extreme  care  displayed  by  the  wasp  in  dealing  with  its  antagonist 
is  worthy  of  remark.   As  soon  as  it  comes  out  of  the  hole,  it  goes  a  little 
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distance  away  from  it  and  then  turns  round.    The  spider  which  is  com- 
monly  a  pretty  big  ground  spider  comes  out  of  its  home  and  stands  at 
bay  at  the  mouth  of  the  hole.    It  does  so  with  the  ferocity  of  a  wild 
beast,  with  Its  erect  cephalothorax  and  jaws  (with  tlxe  ̂ okon  iangs) 
wide  open.    It  never  moves  away  {rom  tlie  hok  uattt  it  is  ovexpovfercd, 
but  simply  turns  round  always  lacing  the  wasp.    Its  action  is  entirely 
defensive.    There  is  seen  a  series  of  tactics  and  movements  displayed  by 

the  wasp,  which  appears  afraid  of  the  death-dealing  jaws  of  the  arachnid 
and  so  approaches  with  great  caution,    it  turns  round  and  round  and 

occasionally  tries  to  jump  on  the  spider.    The  spider  continues  defend- 
ing and  for  about  5  minutes  the  fight    goes  on.    The  fossorian, 

however,   knowing  the   weak   point  of  the   spider,   viz.,  its  inability 
to    strike    upwards,    waits    for    an    opportunity   to   jump    on   the 
spider.    At  last  by  a  clever  and   agile  jump  it    alights  on  the  spider 
and  takes  it  unawares.    The   moment  it  is   on  the  spider,  it  never 
waits  for  a  second,  but  applies  the  sting  and  inoculates  the  poison, 

first  paralysing  the  victim's   poisonous  weapons  from   below.    Then 
again  it  stings,  thrusting  the  lancet   along  the  side  of  the  cephalo- 
thoracic  shield.    The  spider  being  thus  paralysed,  the  fight  ends.    In 
some  cases  the  spider  proves  more  than  a  match   for  the  Salius,  in 

which  case  the  latter,  after  trying  its  best,  gives  it  up  and  flies  away. 
After  making  sure  that  the  captive  is  helpless,  it  leaves  it  behind  and 
goes  searching  for   a   convenient  hole.    In   one  case  the  Salius  was 
clever  enough  to  appropriate  the  hole  of  its  victim  itself.    3n  this  case 
it  first  enters  the  hole  alone  and  remains  alone  for  some  time  under- 

ground most  probably  inspecting  the  hole,    it  then   comes  back  and 

making  sure  that  the  spider   is  paralysed,   takes  hold  of  one  of   its 

chelicerse  with  its  maadibles  and  walks  back  with  its  face  towards  the 

captive  to  the  hole.    When,  on  the  other  hand,  it  does  not  like  the 

spider's  hole,   it   leaves  the   captive   and  goes    away  some  distance 

and  begins  to  search  for  a  convenient  nest,    in  one  case  the  wasp  has 

been  seen  to  leave    the  captive,    go  straight  to  a  particular  hole,  not 

approaching  any  other  on  the  way,  and  then  come  back  to  the  
spot  where 

the  spider  was.    From  this  it  appears  that  the  wasp  keeps  a  hole  ready 

before  it  goes  in  search  of  a  spider.    While  it  is  engaged  thus,  it  often 

comes  back  to  the  spider  to  make  sure  that  it  is  safe  in  the  ()riginal  spot. 

At  this  stage  if  the  captive  spider  is  taken  some  feet  away  from  the 
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original  spot  the  tiafius  comes  back  and  then  alter  strolling  all  round, 

it  finds  the  spider  and  in  this  case  it  stings  it  once  again  and  then 

drags  it  some  distance  foi  wards  and  there  leaving  it,  goes  again  m 

search  of  a  hole.  Several  times  it  visits  the  paralysed  spider  to  be 

sure  of  its  safety.  At  last  it  drags  tlie  spider  to  h  hole  and  then  it 

does  not  come  out  foi  a  vciy  long  time. 

Salius  flavm  is  never  found  frequenting  houses  as  it  ahuost 

exclusively  c(mfines  itself  to  catching  ground  spiders. 

P(»Hf)ih(ii  is  the  largest  genus  with  some  widespiead  species,  of 

which,  perhaps  P.  analis  Fabr.  (Fig.  J()7)  is  the  most  common.  T. 

V.  R.  Aiyar  made  the  following  observations  on  this  species.  This 

red  and  black  wasp  is  found  very  commonly  haunting  the  trunks  of  big 

trees,  especially  species  of  Ficus, -which  generally  contain  numeious  holes 
and  chambers  inhabited  by  spiders,  i  have  now  and  Ihcn  found  indiv- 

iduals on  the  walls  of  old  buildings  and  also  some  hunting  ground 

spideis,  but  1  ha\e  not  till  now  come  across  any  nesting  on  the 

ground.  The  following  were  my  notes  on  the  habits  of  a  specimen  of 

this  species  : — 

Ist  June  11!()().-  As  I  was  enteiing  the  luceine  field  along  the  avenue 

close  to  the  Waini  road,  containing  clumps  of  bamboos.  1  heaid  a  buz- 

zingnoise  about  me,  and  on  turning  round  found  a  specimen  of  P.  anahs 

perch  on  the  ground  by  my  side  and  seaich  holes.  Watched  the  insect 

for  about  quarter  of  an  hour.  After  some  seaich  it  came  across  a  hole 

very  close  to  a  small  wooden  post  in  the  ground.  It  entered  the  hole 

and  came  back,  followed  by  a  big  gi  ound  spider.  Then  ensued  the  usual 

fight.  The  combat  was  found  to  be  exactly  like  that  of  Salius  flavun, 

l»ut  with  a  display  of  greater  fear  on  the  part  of  the  Pompilus  and  so 

additional  care.  After  securing  the  captive,  it  disappeared  for  a  few 

minutes  and  then  came  back  to  assure  itself  of  the  captive's  safety  as 

in  Salivs.  This  happened  three  times.  On  one  occasion  the  spider 

moved  a  little  when  the  Pompilus  gave  it  a  sting  in  addition  to  the  ones 

administered  during  the  combat.  1  found  it  impossible  to  follow  it  as 

it  flew  high  up  every  time  and  (Tisappeared,  the  black  body  and  the  trans- 

parent wings  adding  to  the  obscurity.  In  the  end  it  took  hold  of  the 

spider  exactly  like  the  Salius  and  began  walking  back.  It  directed  its 

course  across  the  avenue  towaitis  the   bamboo  clump  on  the  side  of 
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the  road.  On  reaching  the  clump  of  bamboos  it  began  aseending  one 

of  these  and  then  proceeded  up  for  about  7  or  H  yards,  wlien  unfor- 

tunately it  disappeared  from  my  sight.  I  have  very  sti-ong  groundH 
for  concluding  that  the  wasp  took  the  spider  to  a  hollow  in  some 

bamboo,  because  although  1  have  come  across  several  individuals  of 

this  wasp  dragging  spiders,  1  have  never  found  one  taking  a  spider  to 

a  hole  on  the  ground.  It  may  be  argued  that  the  wasp  dragged  the 

captive  up  the  bamboo  and  afteiwaids  flew  off  with  it.  the  burden 

being  too  heavy  for  conveyance  to  the  nest  without  the  vantage  of  an 

elevation  to  start  from.  But  my  having  till  now  never  seen  any  indivi- 

dual of  this  species  nest  on  ground  supports  the  foiuier  view. 

The  spiders  which  P.  atkalin  generally  liunts  on  tiee  trunks  and 

walls  are  web-spinning  foiins  and  com})aied  to  the  ground  spiders  very 
small  and  powerless.  In  these  eases  the  Ponipilun  finishes  the  fight 

very  soon  and  at  once  drags  the  captive  along  the  side  of  tlie  tree  trunk 

to  an  exposed  hollow  on  the  tiunk  ;  it  leaves  its  victim  then  and  searches 

for  a  hole  in  the  tree  itself.  Meanwhile,  I  have  tried  removjnji 

the  captive  and  placing  it  on  the  ground  below  ;  however,  the  wasp  after 

some  anxious  search  found  it  out  and  dragged  it  again  up  to  tlie  tree. 

This  species  also  thus  displays  that  power  of  finding  out  the  paralysed 

spider  if  we  remove  tlie  same  and  keep  it  away.  When  at  last  it  finds 

a  convenient  hole  in  the  tree  to  ne^t,  it  comes  back  and  drags  the  captive 
home. 

A{H)fus  includes  only  three  sp.?cies,  ol  which  one,  A.  "oteni,  Cam., 
may  be  found  in  the  plaini. 

SpHE(UU.« 

Promttum  Irannverse,  not  reachiiuj  the  hiscrfion  of  tlic  wimjs. 

This  is  a  large  family  of  Aculeata,  with  a  great  variety  of  forms. 

It  includes  large  robust  species  with  a  length  of  an  incli  and-a-haJf  and 
small  slender  insects  not  over  a  (juarter  of  an  inch  long.  The  ma- 

jority exhibit  some  form  of  warning  colouration,  bright  yellow,  metallic 

greens  and  blues,  and  similar  bright  tints  predominating.  The  head  is 

large,  with  ocelli  and  compound  eyes,  tlie  troj)hi  are  well  developed,  not 

conspicuous,  and  the  mandibles  are  robust.  The  thorax  is  massive, 

the   abdomen  often    witli  a  long   petiole.    The  legs  are  of   moderate 
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length,  the  forelegs  often  modified  for  digging.  Males  and  females  are 
superficially  alike,  the  latter  having  a  well  developed  sting.  As  in 
all  Aculeata,  there  is  no  free  life  history  and  none  are  social,  the  female 

storing  food  for  the  young.  The  larva  is  a  white  soft  grub,  without  legs 
and  with  a  small  head.    Pupation  takes  place  in  a  silken  cocoon. 

Sphegids  are  the  familiar  digging  wasps,  whose  prey  consists  of 
insects,  stung  to  insure  paralysis  and  laid  up  in  this  state  in  a  suitable 
cell  or  burrow  for  the  young  to 
feed  on.  The  process  of  stinging 

may  be  observed  and  is  some- 
times accompanied  by  other 

injury  to  the  prey  to  insure 
its  helplessness.  So  far  as  is 
known,  the  prey  is,  when  laid  in 
the  cell,  helpless,  but  not  dead, 
and  remains  so  until  the  grub 

attacks  it ;  how  far  the  perman- 
ence of  this  paralysis  is  due  to 

the  action  of  the  wasp  and  how  j-jg.  los.— si-hbx  lobatuk. 
far  it  is  induced  also  by  the 

conditions  in  the  cell  is  not  known  ;  a  cricket  stung  by  Sphex  lobatus 

and  laid  up,  presumably  remains  paralysed  ;  but  that  cricket  taken 
out  and  kept  under  other  conditions  may  die  if  kept  too  dry  or  may 
to  some  extent  recover  under  favourable  conditions  of  temperature, 

moisture,  air  and  light.  There  is  no  reason  to  doubt  that  paralysis 
is  caused  primarily  by  injuries  inflicted  by  the  wasp,  usually  in  the 
form  of  a  sting  or  several  stings,  which  are  directed  against  the 

nervous  system  and  induce  paralysis.  The  student  will  find  ac- 
counts of  some  species  below  and  further  accounts  in  the  literature 

mentioned.  Home  described  the  habits  of  Sceliphron  (Pelopceus) 

madraspatanum  F.  S.  bilineatus,  Sm.,  S.  violaceum  F.  (P.  bengalensis, 
Smith),  Trypoxylon  rejector,  Sm.,  Pison  rufipes  Sm.,  and  P.  (Pisonitus) 

rugosus,  Sm.  There  is  a  large  field  here  for  an  observer  gifted  with 

patience  and  perseverance  to  add  to  our  knowledge  of  the  habits  of 

these  important  insects.  The  actual  economic  importance  of  the 

group,  so  far  as  it  can  be  gauged,  is  great  since  most  of  the  species 

destroy  insects  of  economic  importance.    It  is,  however,  very  difficult 
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to  estimate  this  since  their  work  is  not  at  onceobvious,  and  no  estim- 
ates of  number  are  easily  obtained. 

Sphegidw  arc  preyed  upon  by  Chrysidce  and  Mutillida;  while  the 
parasites  of  their  prey  indirectly  check  them  because,  in  some  cases 
certainly,  when  a  Sphegid  lays  up  a  parasitised  caterpillar,  the  parasite 
hatches  and  the  Sphegid  larva  is  deprived  of  its  food.  This  is  a  cuiious 
fact  and  had  we  not  observed  it,  we  should  hesitate  to  mention  it. 

When  we  remember  how  large  is  the  percentage  of  parasitised  caterpil- 

lars very  often,  we  may  imagine  that  the  Sphegid  does  often  lay  up 

parasitised  caterpillars,  which  do  not  nourish  their  larva". 

Astata  agilis,  8m.,  though  recorded  from  but  few  jjlaces,  is  probably 

widespread  (Plate  X,  Fig.  4);  it  has  been  seen  burrowing  in  sandy  soil 

but  its  prey  is  imknown ;  it  hunts  usually  among  the  decaying  fallen 
leaves  under  trees. 

Tachytes  includes  small  and  inconspicuous  insects,  nesting  in  soil 

and,  according  to  Bingham,  storing  Orthoptera;  T.  nionetaria,  Sm.,  a 

black  species  with  golden  pubescence  on  the  abdomen,  is  common,  as  is 

T.  erythropoda  Cam.  (Plate  X,  Fig.  3). 

Notogonia  subtessellata,  Sm.,  preys  on  crickets,  storing  them  in  bur- 
rows in  the  soil,  or  in  the  stems  of  plants  (e.g.,  in  Euphorbia  neriifolia) 

(Plate  X,  Fig.  7).  This  insect,  which  is  the  commonest  of  the  genus  in 

Pusa,  is  found  very  commonly  in  the  vegetable  garden  and  orchard, 

where  the  soil  is  fairly  moist  always.  The  reason  apparently  is  that 

field  crickets  abound  in  these  localities  and  the  wasp  is  after  them. 

The  cricket  generally  hunted  is  a  species  of  "  Gryllodes  "  and  veiy 
often  not  a  full-grown  one.  In  several  cases  the  cricket  escapes  by  its 

agile  jumps,  and  it  is  only  after  allowing  several  crickets  to  escape  that 

one  is  caught.  The  wasp  paralyses  the  cricket  by  a  sting  (sometimes 

two)  at  the  jimction  of  the  pro-  and  meso-stemum.  It  then  drags  the 

captive  and  leaving  it  in  a  prominent  place,  goes  in  search  of  a  hole  or  t*^ 
assure  itself  that  its  hole  is  ready  to  receive  its  prey.  It  soon  returns 

and  drags  home  the  cricket.  The  process  is  different  from  that  in  a 

Pompilid.    Here  the   wasp  does   not  proceed  backwards   facing  its 
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into  cells,    each    containing  small    spiders  (Fig.   10!)).    J.  {ntrtidnix 
Sm.,  builds  in  holes  in  walls  and  in  crevices  in  bookH. 

Kig.  109.— TUYI'0\-»l.(>N  l'II,KA1l'M  BKIN(.1A(.  A 
M'lDKR  TO  HElt  NKST  IN  A  HOLIOW  STKM  ; 
'i'HB  NhXI  HAS  IIBEN  01'K>Kli  TO  SHOW  THI; 
t'KLLH.     [F.  M.  H.| 

Ammuphila  is  larger,  with  a  long  narrow 
abdomen  and  a  rather  Ichneumon-Iike 

appearance.  Several  are  very  common  and 
their  habits  have  been  observed.  The 

habits  of  A.  Iwvigata,  Sm.  (Fig.  110),  are 

briefly  described  in  Indian  Insect  Pests 

(page  271),  this  insect  burying  Plunia 
eriosotna  larva?  in  soil.  So  far  as  is  known, 

caterpillars  and  spiders  are  their  prey  and 

they  do  not  make  mud  nests  but  burrow 

in  soil.  A.  atripes,  Sm.,  A.  hasalis,  Sm., 

A.    lavigata,  Sm. ,    and  A.   erythrocephala, 

Fiff.  UO.  -Ammoi'hii.a r,  rvKiATA. 
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captive,  but  instead  poses  itself  almost  above  the  captive  and  holding  the 

antenna;  by  its  mandibles  proceeds  forwards,  both  captor  and  captive 

facing  one  way.  In  this  wasp  there  is  distinctly  a  marked  display  of  a 
high  degree  of  instinct  (intelligence?)  in  taking  advantage  of  an  eleva- 

tion to  start  on  the  wing  with  its  pretty  heavy  load.  The  wasp  drags 
the  cricket  to  the  foot  of  the  nearest  shrub  or  plant  and  slowly  ascends 
to  about  a  foot  from  the  ground,  and  from  there  it  starts  on  its  wings 
with  the  prey.  It  continues  thus  often  on  its  way  to  its  nest,  which  is 
generally  a  hole  on  the  side  of  the  hard  bank.  An  interesting  point  in 

the  habits  of  this  wasp  is  that  it  digs  into  the  soil  to  find  its  prey  even 
when  the  cricket  has  a  burrow  opening  to  the  surface.  On  one  occa- 

sion, one  was  observed  flpng  over  sandy  soil ;  she  selected  a  spot  and 
commenced  to  dig  ;  when  a  little  hole  was  made,  she  entered  and  came 

out  carrying  soil  between  her  curved  forelegs  and  her  head,  repeating 

this  till  there  was  a  considerable  heap  of  soil ;  this  heap  she  then  demol- 
ished by  standing  and  kicking  it  away  with  her  hind  legs.  While  dig- 

ging, a  cricket  came  out  from  a  hole  by  her,  was  eventually  seen,  pur- 
sued and  captured. 

Liris  auraia. — This  beautiful  sand  wasp  is  one  of  the  most  active 
among  Sphegids.  It  is  found  in  flower  gardens  and  generally  nests 
under  thick  bushes  away  from  human  observation.  It  is  very  often 

found  haunting  houses,  especially  store-rooms,  in  search  of  house  crick- 
ets. The  latter  are  notorious  domestic  pests  attacking  provisions,  etc. 

This  wasp,  in  frequenting  dwellings,  performs  the  part  of  an  efficient 
natural  check  on  these  domestic  pests.  Ptson  includes  small  dark 

insects,  of  which  P.  rugosum,  Sm.,  is  common  in  the  plains  (Plate  X, 

Fig.  9).  Home  states  that  the  nests  of  P.  rufipes,  Sm.,  are  nearly  glob- 
ular, built  in  a  group  on  a  hanging  creeper  or  tendril,  and  stocked 

with  small  spiders. 

Trypoxylon  (Plate  X,  Figs.  10-11)  is  common  in  houses,  and  1  have 
seen  T.  pileatvm,  Sm,,  building  in  cane  furniture  in  a  verandah  ;  they 
are  extremely  slender  graceful  injects,  storing  ̂ mall  spideis  in  their  mud 
nests  :  nests  are  also  found  in  thatch,  and  on  one  occasion  a  female  was 

seen  plugging  her  nest,  which  was  in  a  hollow  reed  previously  utilised  by 
Ceratina  viridiaaima.    The  hollow  is  not  lined  but  is  partitioned  off 
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Fabr.,  are  the  commonest  species,  but  the  distribution  of  some  species 
is  local.    The  last  is  a  large  robust  insect,  very  unlike  the  remainder. 

Sceliphron  includes  the  more  robust  mud-wasps  so  commonly  seen 
in   housi  s ,  which  lay  up  spidei  s  in  earthen  cells.    S.  madraspatanum 

FijJ.   111.— SOBUFUKON    MAIIKASI'ATAKUM  i   NhKT  RBMOVK])  KKOM  A  COKNBK    ANI> 
SEKN   FKOM   BEHIND;  IN   ONE  CKLL   A   I.AUVA    KBEIUNH  ;  IN   ANOTHER 

A  NFIDKR  WAITING   TO   UK   EATKN.      [F.  M.  H.J 

Fabr.  (Fig.  113),  is  the  commonest  species;  the  female  constructs  mud 
nests,  consisting  of  two  to  seven  elongate  cells,  placed  side  by  side ; 
they  are  most  beautifully  constructed  of  mud  and  when  unfinished 

are  very  striking  objects  (Fig.  112).  But  when  the  whole  number 
are  completed,  stocked  and  closed,  she  puts  mud  over  the  whole  in  an 
apparently  irregular  manner  but  so  as  to  give  it  the  appearance  of  a 

rough  lump  of  mud,  when  it  is  much  less  easily  noticed.  The  nest 

is  placed  on  a  wall,  a  window-sill,  on  furniture  or  on  tree  trunks,  and 
may  be  carefully  concealed  or  in  the  open. 

The  cell  is  made,  the  first  spider  brought  in  and  an  egg  laid  on  it 
near  the  base  of  the  abdomen.  The  rest  of  the  spiders  are  then  brought ; 

if  the  work  cannot  be  completed  before  dark,  a  temporary  mud  cover 
is  put  on  as  the  wasp  does  not  sleep  in  the  cell.  When  full,  the  cell  is 
closed  and  a  new  one  begun.  The  egg  is  white,  soft,  about  4  m.m. 

long.  The  larva  on  hatching  ieeds  first  on  the  abdomen  of  the 
spider  it  is  on  and  then  on  its  cephalothorax,  proceeding  afterwards 
to  work  upwards  through  the  remaining  paralysed  spiders.  (Fig.  111.) 

The  larva  is  white,  soft,  leg-less,  the  segments    indistinctly   marked. 
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the  head  very  small :    it  becomes  sordid-grey  before   maturity,    when 
it  measures  about  14  m.m.    Larval  life  occupies  about  13  days,    the 

Kig.    US.— SCELIPHHON    MADRAKl'ATANUM      INCOMl'I-KTK  NBST. 

full  length  being  attained  on  the  sixth  day.  There  are  apparently  no 

naoults  during  larval  life,  the  extremely  soft  and  unchitiiiiscd  integu- 
ment not  preventing  expansion  as  in  harder  insects.  The  full-grown 

larva  ejects  a  mass  of  black  excreta  at  the  bottom  of  the  cell  and  then 

spins  a  tough  cocoon  of  very  fine  yellow  silk  which  turns  dark  brown. 

It  rests  for  three  to  six  days  and  then  moults,  placing  the  exuviura  at 
the  bottom  of  the  cocoon  where  it  often  adheres  to  the  hind  end  of 

the  pupa.  The  limbs  of  the  future  wasp  are 
symmetrically  folded  under  the  body  and  are 
free,  being  easily  seen.  The  pupa  gradually 
assumes  the  imaginal  colour  and  on  the 

twelfth  or  thirteenth  day  the  imago  emerges  ; 
it  cuts  the  cocoon  and  forces  out  the  plug  of 
mud  that  closes  the  cell,  thus  forming  a 

circular  orifice  through  which  it  can  leave  the 
cell.  The  total  life  from  egg  to  imago  is  from 

24  to  30  days,  nest-making  then  occupies  some 
time  and  there  are  probably  five   broods  in  one  year  in  the  plains. 

Hibernation  takes  place  in  the  larval  condition. 

Fig.   11.S.— .SCKLIPHKON 
MA|)KAHI'ATAt(U.H. 
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This  species,  like  others,  is  not  allowed  to  work  and  increase  un- 
molested but  has  enemies  which  prey  upon  it.  Chrysis  ftucipennis,  Br., 

Iledi/chrifdium  ruyosnm,  Sni.,  and  an  undescribed  Chrynin  are  found  in 

the  cells  ;  a  Tachinid  fly,  of  which  as  many  as  six  maggots  are  found  ui 

one  cell  ;  a  Bombyliid  (Hyperalonia  sphynx)  is  found  in  the  pupal 

cocoon  and  in  this  case  the  pupa  of  the  fly  forces  itself  through  the  ma- 
sonry so  far  as  to  allow  of  the  emergence  of  the  fly  to  the  outside ;  finally, 

a  Mutilla  has  been  once  reared  from  this  species,  unfortunately  only  a 
male. 

This  wasp  is  the  subject  of  a  curious  belief  in  the  Punjab  ;  it  has 

teen  noticed  that  it  stores  spideis  and  that  eventually  a  wasp  like  itself 

is  produced  ;  not  knowing  what  occurs  in  the  cell,  it  is  commonly  be- 

lieved that  the  wasp  has  the  miraculous  power  of  impaiting  its  shape 

and  colour  to  the  spiders,  and  that  each  spider  reappears  in  the  new 
form. 

<>.  R.  Dutt,  who  has  studied  this  wasp  at  Pusa,  once  removed  the 

cells  of  a  nearly  completed  nest  which  only  required  covering  with  mud ; 

the  wasp  had  made  two  cells,  and  had  commenced  bringing  mud  to 

jilastei'  all  ovei'  them  when  this  was  done ;  she  however  continued  to 

••  .     bring  mud  and  to  plaster  it  over  the  marks 
left  on  the  wall  until  she  had  produced  the 

same  appearance  as  she  would  have  had 

the  cells  still  been  there,  apparently  un- 
aware that  the  cells  had  been  removed. 

The  student  should  read  the  parallel  cases 

described  by  Fabre,  and  translated  in 

"Insect  Life." 

Sreliphron  coromandelicum,  Lep.,  is  a 

large  species,  of  similar  habits  to  the  above. 
There  are  one  to  seven  cells  (rarely  up 

to  12)  in  the  nest,  which  is  placed  in  build- 
ings or  on  trees.  It  has  similar  parasites, 

and  a  Chalcid  parasitises  the  Chrysid 

parasite,  thus  adding  to  the  complicated 
fauna  that  centres  round  these  nests. 

Fj(r.  114.— SCKLIPHKOK  BILI- 
NKATTM  CFI.l       X  2. 
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8.  bilinealum,  8m.,  is  recorded  from  Western  India,  but  occurs  also 
in  Behar.  It  constructs  single  cylindrical  cells  (Fig.  1 1 4)  which  it  finishes 
by  adding  mud  till  the  cell  is  smoothed  over  completely.  Tlie  lift" 
history  occupies  about  a  month  and  this  spocies  is  also  cxteiiBiveJy 
parasitised. 

S.  vi'olacevm,  F.,  is  the  common  blue  species  which  nests  in  houses, 
making  no  cell  but  taking  advantage  of  natural  holes,  which  it  conimojil) 
closes  with  lime  or  plaster  in  preference  to  mud.  It  has  been  seen  to 
utilise  screw  and  nail  holes  in  wood,  bores  in  bamboos,  the  central  lioljow 

of  a  cotton  reel,  the  tubular  cavity  of  the  handle  of  a  cycle  pump  and 
holes  into  which  bolts  were  to  fasten.  It  has  also  been  found  in  the 

empty  cells  of  S.  madraspatamnn,  its  larval  cocoon  being  smaller  than 

that  of  the  latter.  It  is  possibly  the  insect  referred  to  in  the  follow- 
ing :  Lahore  Divisional  orders  :— The  Ichneumon  fly  is  particularly 

active  at  this  time  of  the  year,  and  the  greatest  oare  should  be  taken 
to  prevent  barrels  of  rifles  becoming  unserviceable  from  the  rings  of 

corrosion  which  invariably  follow  if  the  claj  plug  is  not  at  once  re- 
moved. The  fly  will  build  a  complete  nest  within  24  hours,  and  everv 

barrel  should  be  looked  through  at  least  once  daily  to  ensure  its  being 

free  from  this  pest.     (Statesman,  28th  Ajiril,  I!l0i>.) 

Spfiex  includes  larger  insects  with  a  shorter  petiole,  best  known 

from  the  very  common  green  metallic  species  S.  lohafuK  Fabr.  fFig.  108) 
which  preys  on  the  big  cricket  Brarhijtrifpex  arhatinun,  Stoll.    Its  habits 

have  been  described  elsewhere  (Jouin. 

Bombay  Nat.  Hist.  See,  XV,  p.  r)31);  it 
has  a  curious  habit  of  biting  out  a  portion 

of  the  pronotum  of  its  prey  after  it  has 

paralysed  it  by  stinging.  Jt  is  seen  actively 
at  work  from  April  to  August ;  possibly 

the  crickets  are  not  sufficiently  large  before 

the  end  of  April,  necessitating  a  longer  rest 
than  that  of  other  species. 

Ampulex  compressa,  Fabr.,  is  a  very 
beautiful  insect,  common  in  the  plains,  in 

Pusa    this   insect  is    purely    arboreal    in 

11.-..-AMI.ULEX  ..0MP««wA.  its    habitat.      The   chief   haunts  are    the 
trunks  of  old  Peepul  (Ficus  relvjiosa)  and 
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Fig  trees,  whicli  possess  numerous  holes  and  chinks.  Tt  is  not  an  un- 

common sight  to  see  an  Ampulex  hurrying  along  the  tree  trunk  search- 
ing hole  after  hole  for  cockroaches  and  occasionally  flying  to  a  distant 

branch  only  to  return  and  continue  the  search  in  a  few  seconds.  As  far 

as  observed,  this  species  confines  itself  exclusively  to  species  of  Peri- 
planeta  for  its  prey.  The  specimen  of  Periplaneta  is  invariably  bigger 
in  size  than  the  wasp  itself.  This  wasp  does  not  construct  any  nest, 

but  generally  makes  use  of  some  empty  hole  on  the  trunk  of  the  tree, 
wherein  it  drags  its  captive.  The  manoeuvres  employed  in  capturing 
and  paralysing  the  cockroach  are  almost  the  same  as  in  Pompilids,  but 
here  there  is  not  so  much  careful  tact  and  dexterity  displayed  on  the 

part  of  the  wasp  in  dealing  with  the  cockroach.  The  reason  apparently 
is  that  the  cockroach  is  not  armed  with  any  poisonous  weapons  ;  it  has 

to  depend  solely  on  its  active  motions  and  irritating  spines  for  defence. 
Unlike  the  Pompilid  and  spider  fight,  the  scene  of  the  combat  often 

changes,  the  cockroach  taking  to  its  wings  very  often.  The  fight  is 
simply  a  pursuit  of  the  desperately  flying  blattid  on  the  part  of  the 
wasp  and  the  moment  it  manages  to  alight  on  the  back  of  the  captive, 
the  latter  submits.  The  wasp  loses  no  time  in  administering  the  sting. 
The  sting  is  thrust  along  the  side  of  the  big  prothorax  and  reaches  the 

oesophageal  ganglia.  The  cockroach  does  not,  however,  appear  much 

the  worse  after  the  sting,  and  if  the  wasp  after  this  so-called  paralysing 
strays  away  in  search  of  a  hole,  the  cockroach  manages  to  slip  away 

slowly  into  some  adjacent  hiding  place.  This  has  been  observed  more 
than  once. 

One  species  of  Stigmus  has  been  observed  by  Dudgeon  to  store 

Aphides  in  holes  in  wood  made  by  a  boring  beetle.  (Jo.  Bo.  Nat.  Hist. 
Soc.XV,  p.  12.)  S.  congrum,  Wlk.,  andS.  nigrnpegjMotsch.,  have  been 

observed  collecting  aphids  in  Behar.  Gorytes  alipes,  Bingh.,is  not  un- 
common in  Western  India  ;  we  have  observed  it  burrowing  in  the  damp 

soil  of  flower  pots,  the  burrows  nearly  two  inches  deep,  and  stocked 
with  the  very  common  Fulgorid,  DictyopJiara  lineata,  Don.  Gorytes 

pictua,  8m.,  has  been  observed  to  visit  the  rolled  up  sissoo  leaves  inhab- 
ited by  the  larva  of  Apoderus  bkmdua  (Curculionidffi),  but  the  observer 

was  unable  to  determine  that  the  larva  was  carried  off.  It  is  possible 
that,  since  the  weevil  larva  is  in  a  case,  this  species  paralyses  it  and 
lays  an  egg  on  it,  thus  not  requiring  a  nest. 
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Stizus  includes  wasp-like  insects  whose  habits  are  unknown ; 

S.  rvfpscens,  Sm.  (Plate  X,  Fig.  12),  is  common  in  the  plains,  and  some- 

times comes  in  numbers  to  dig  in  the  ground  in  flat  places  near  houses. 

Philanihus  pulcherrimus,  Smith  (Plate  X,  Fig.  13).  This  wasp  is 

common  at  Pusa  during  the  months  of  March  and  April.  It  is  usually 

found  on  flowering  plants,  on  the  flowers  of  which  bees  are  also  hoveiing. 

This  wasp  attacks  them,  stings  them  and  then  flies  with  them  to  the 

nest.  The  bee  is  held  by  the  wasp  below  the  thorax  between  the  legs. 

Nests  of  this  wasp  are  in  sandy  banks,  and  are  in  the  form  of  long  narrow 

tunnels.  Females  were  obseived  bringing  bees  (generally  belonging 

to  the  genera  Halictus,  Ceraiina  and  Apia)  to  their  nests  and  the  choice 

seems  restricted  to  the  family  Apida-. 

Bembex  suJphvirescens,  Dahlb.,  is  another  wasp-like  insect,  robust, 

coloured  in  yellow  and  black.  Bembex  makes  burrows,  which  it  is  be- 
lieved to  keep  open,  feeding  the  young 

daily  with  fresh  Diptera  ;  this  is  an 

interesting  habit,  and  it  may  be  hoped 

that  the  habits  of  the  Indian  species 

will  be  observed.  This  species  is 

usually  found  flying  over  the  soft 

sand  by  rivers,  etc. 

Cerceris  is    stated  to  be  predaceous Fig.    116.— BEMBEX  SULIMIVKKSI  ENS. 

upon  beetles  principally  Cltri/somend(B, 

in  India ;  they  are  small  wasp-like  insects  ;  C.  pictiventris,  Dahlb., 

C.  instahilis,  Smith,  and  C.  ftawpicta,  Sm.,  are  the  most  com-
 

mon. Oxijbelus  is  smaller  with  several  species,  none  known  to  be  widely 

spread.  0.  squamosus,  Sm.,  has  been  observed  by  Puru
shottam  Patel 

to  collect  the  biting  fly  Stomoxys  calcitram  and  also  the  com
mon 

housefly  {Mvsra  sp.),  and  carry  them  off  to  provision  its  nes
t  which  is 

in  the  form  of  an  oblique  tunnel  in  sandy  soil. 

Crabro  buddha,  Cam.,  is  a  small  black  and  yellow  species,  which 

has  been  reared  from  pupa'  ina  tree.  C  bellula,  Cam.,  has  been  see
n 

nesting  in  wet  soil  in  a  garden  in  Western  India.  C.  orientaUs,  Cam
  ,  is 

similar,  and  has  been  reared  from  pupee  found  in  tunnels  in  a  dry 
 mango 

branch     The  dry  wood  was  bored  through  extremely  thoroughly 
 and 

1* 
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Fig  trees,  which  possess  numerous  holes  and  chinks.  It  is  not  an  un- 

common sight  to  see  an  Ampulex  hurrying  along  the  tree  trimk  search- 
ing hole  after  hole  for  cockroacheB  and  occasionally  flying  to  a  distant 

branch  only  to  return  and  continue  the  search  in  a  few  seconds.  As  far 

as  observed,  this  species  confines  itself  exclusively  to  species  of  Peri- 
planeta  for  its  prey.  The  specimen  of  Periplaneta  is  invariably  bigger 
in  size  than  the  wasp  itself.  This  wasp  does  not  construct  any  nest, 

but  generally  makes  use  of  some  empty  hole  on  the  trunk  of  the  tree, 
wherein  it  drags  its  captive.  The  manoeuvres  employed  in  capturing 
and  paralysing  the  cockroach  are  almost  the  same  as  in  Pompilids,  but 
here  there  is  not  so  much  careful  tact  and  dexterity  displayed  on  the 

part  of  the  wasp  in  dealing  with  the  cockroach.  The  reason  apparently 
is  that  the  cockroach  is  not  armed  with  any  poisonous  weapons  ;  it  has 

to  depend  solely  on  its  active  motions  and  irritating  spines  for  defence. 
Unlike  the  Pompilid  and  spider  fight,  the  scene  of  the  combat  often 

changes,  the  cockroach  taking  to  its  wings  very  often.  The  fight  is 
simply  a  pursuit  of  the  desperately  flying  blattid  on  the  part  of  the 
wasp  and  the  moment  it  manages  to  alight  on  the  back  of  the  captive, 
the  latter  submits.  The  wasp  loses  no  time  in  administering  the  sting. 
The  sting  is  thrust  along  the  side  of  the  big  prothorax  and  reaches  the 

oesophageal  ganglia.  The  cockroach  does  not,  however,  appear  much 

the  worse  after  the  sting,  and  if  the  wasp  after  this  so-called  paralysing 
strays  away  in  search  of  a  hole,  the  cockroach  manages  to  slip  away 

slowly  into  some  adjacent  hiding  place.  This  has  been  observed  more 
than  once. 

One  species  of  Stigmus  has  been  observed  by  Dudgeon  to  store 

Aphides  in  holes  in  wood  made  by  a  boring  beetle.  (Jo.  Bo.  Nat.  Hist. 

Soc.  XV,  p.  12.)  S.  congruus,  Wlk.,  andjS.  w'firnpes,Motsch.,  have  been 
observed  collecting  aphids  in  Behar.  Gorytes  alipes,  Bingh.,  is  not  un- 

common in  Western  India  ;  we  have  observed  it  burrowing  in  the  damp 
soil  of  flower  pots,  the  burrows  nearly  two  inches  deep,  and  stocked 
with  the  very  common  Fulgorid,  Dictyophara  Uneata,  Don.  Gorytes 

pidms,  Sm.,  has  been  observed  to  visit  the  rolled  up  sissoo  leaves  inhab- 
ited by  the  larva  of  Apoderus  hlardus  (Curculionidse),  but  the  observer 

was  unable  to  determine  that  the  larva  was  carried  off.  It  is  possible 
that,  since  the  weevil  larva  is  in  a  case,  this  species  paralyses  it  and 

lays  an  egg  on  it,  thus  not  requiring  a  nest. 
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Stizua  includes  wasp-like  insects  whose  habits  are  unknown ; 
S.  rufescens,  Sm.  (Plate  X,  Fig.  12),  is  common  in  the  plains,  and  some- 

times comes  in  numbers  to  dig  in  the  ground  in  flat  places  near  houses. 

Philanthm  pulcherrmus,  Smith  (Plate  X,  Fig.  13).  This  wasp  is 
common  at  Pusa  during  the  months  of  March  and  April.  It  is  usually 
found  on  flowering  plants,  on  the  flowers  of  which  bees  are  also  hovering. 
This  wasp  attacks  them,  stings  them  and  then  flies  with  them  to  the 
nest.  The  bee  is  held  by  the  wasp  below  the  thorax  between  the  legs. 
Nests  of  this  wasp  are  in  sandy  banks,  and  are  in  the  form  of  long  narrow 

tiumels.  P'emales  were  observed  bringing  bees  (generally  belonging 
to  the  genera  Haliclus,  Ceratina  and  Apis)  to  their  nests  and  the  choice 
seems  restricted  to  the  family  ApidiP. 

Bemhex  sulphur escens,  Dahlb.,  is  another  wasp-like  insect,  robust, 

coloured  in  yellow  and  black,  Bernhex  makes  burrows,  which  it  is  be- 

lieved to  keep  open,  feeding  the  young 

daily  with  fresh  Dipt  era  ;  this  is  an 

interesting  habit,  and  it  may  be  hoped 
that  the  habits  of  the  Indian  species 

will  be  observed.  This  species  is 

usually  found  flying  over  the  soft 

sand  by  rivers,  etc. 

Piff.  n6.-lBEMBFx  suLPHUKKM  LNs.         Cerccris  is    Stated  to  be  piedaceous 

upon  beetles  principally  Chri/somi'h'dcB, 
in  India ;  they  are  small  wasp-like  insects  ;  C  pictiverdris,  Dahlb., 

C.  instahilis,  Smith,  and  C.  flavopicta,  Sm.,  are  the  most  com- 

mon. Oxyhelus  is  smaller  with  several  species,  none  known  to  be  widely 

spread.  0.  squamosus,  Sm.,  has  been  observed  by  Purushottam  Patel 

to  collect  the  biting  fly  Stomoxifs  calcitrans  and  also  the  common 

housefly  (Mvsra  sp.),  and  carry  them  off  to  provision  its  nest  which  is 

in  the  form  of  an  oblique  tunnel  in  sandy  soil. 

Cfahro  buddha,  Cam.,  is  a  small  black  and  yellow  species,  which 

has  been  reared  from  pupae  in  a  tree.  C.  bellula,  Cam.,  has  been  seen 

nesting  in  wet  soil  in  a  garden  in  Western  India.  C.  orientaUs,  Cam  ,  is 

similar,  and  has  been  reared  from  pupaj  found  in  tunnels  in  a  dry  mango 

branch.    The  dry  wood  was  bored  through  extremely  thoroughly  and 
IIL  14 
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Fig  trees,  which  possess  numerous  holes  and  chinks.  It  is  not  an  un- 

common sight  to  see  an  Ampulex  hurrying  along  the  tree  trunk  search- 
ing hole  after  hole  for  cockroaches  and  occasionally  flying  to  a  distant 

branch  only  to  return  and  continue  the  search  in  a  few  seconds.  As  far 

as  observed,  this  species  confines  itself  exclusively  to  species  of  Peri- 
planeia  for  its  prey.  The  specimen  of  Periplaneta  is  invariably  bigger 
in  size  than  the  wasp  itself.  This  wasp  does  not  construct  any  nest, 
but  generally  makes  use  of  some  empty  hole  on  the  trunk  of  the  tree, 

wherein  it  drags  its  captive.  The  manoeuvres  employed  in  capturing 
and  paralysing  the  cockroach  are  almost  the  same  as  in  Pompilids,  but 
here  there  is  not  so  much  careful  tact  and  dexterity  displayed  on  the 

part  of  the  wasp  in  dealing  with  the  cockroach.  The  reason  apparently 
is  that  the  cockroach  is  not  armed  with  any  poisonous  weapons  ;  it  has 

to  depend  solely  on  its  active  motions  and  irritating  spines  for  defence. 
Unlike  the  Pompilid  and  spider  fight,  the  scene  of  the  combat  often 

changes,  the  cockroach  taking  to  its  wings  very  often.  The  fight  is 
simply  a  pursuit  of  the  desperately  flying  blattid  on  the  part  of  the 
wasp  and  the  moment  it  manages  to  alight  on  the  back  of  the  captive, 
the  latter  submits.  The  wasp  loses  no  time  in  administering  the  sting. 
The  sting  is  thrust  along  the  side  of  the  big  prothorax  and  reaches  the 

resophageal  ganglia.  The  cockroach  does  not,  however,  appear  much 

the  worse  after  the  sting,  and  if  the  wasp  after  this  so-called  paralysing 
strays  away  in  search  of  a  hole,  the  cockroach  manages  to  slip  away 

slowly  into  some  adjacent  hiding  place.  This  has  been  observed  more 
than  once. 

One  species  of  Stigmus  has  been  observed  by  Dudgeon  to  store 

Aphides  in  holes  in  wood  made  by  a  boring  beetle.  (Jo.  Bo.  Nat.  Hist. 
Soc.XV,  p.  12.)  8.  congruus,  Wlk.,  andiS.  wigrnpes,  Mo tsch.,  have  been 

observed  collecting  aphids  in  Behar.  Gorytes  alipes,  Bingh.,isnot  un- 
common in  Western  India  ;  we  have  observed  it  burrowing  in  the  damp 

soil  of  flower  pots,  the  burrows  nearly  two  inches  deep,  and  stocked 

with  the  very  common  Fulgorid,  Dictyophara  lineata,  Don.  Gorytes 

pictus,  Sm.,  has  been  observed  to  visit  the  rolled  up  sissoo  leaves  inhab- 
ited by  the  larva  of  Apoderua  blandus  (Curculionidee),  but  the  observer 

was  unable  to  determine  that  the  larva  was  carried  off.  It  is  possible 
that,  since  the  weevil  larva  is  in  a  case,  this  species  paralyses  it  and 

lajrs  an  egg  on  it,  thus  not  requiring  a  nest. 
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Stizus  includes  wasp-like  insects  whose  habits  are  unknown ; 
S.  rufescens,  Sm.  (Plate  X,  Fig.  12),  is  common  in  the  plains,  and  some- 
times  comes  in  numbers  to  dig  in  the  ground  in  flat  places  near  houses. 

Philanthus  pulcherrimus,  Smith  (Plate  X,  Fig.  13).  This  wasp  is 

common  at  Pusa  during  the  months  of  March  and  April  It  is  usually- 
found  on  flowering  plants,  on  the  flowers  of  which  bees  are  also  hoveling. 
This  wasp  attacks  them,  stings  them  and  then  flies  with  them  to  the 

nest.  The  bee  is  held  by  the  wasp  below  the  thorax  between  the  legs. 

Nests  of  this  wasp  are  in  sandy  banks,  and  are  in  the  form  of  Jong  narrow 
tunnels.  Females  were  obseived  bringing  bees  (generally  belonging 

to  the  genera  Hahctus,  Ceratina  and  Afisi)  to  their  nests  and  the  choice 
seems  restricted  to  the  family  Apid*. 

Bemhex  snlphurescens,  Dahlb.,  is  another  wasp-like  insect,  robust, 

coloured  in  yellow  and  black.  Bemhex  makes  burrows,  which  it  is  be- 

lieved to  keep  open,  feeding  the  young 

daily  with  fresh  Diptera  ;  this  is  an 

interesting  habit,  and  it  may  be  hoped 

that  the  habits  of  the  Indian  species 

will  be  obseived.  This  species  is 

usually  found  flying  over  the  soft 

sand  by  rivers,  etc. 

upon  beetles  principally  Chrifsomehdcp. 

in  India;  they  are  small  wasp-like  insects;  C.  pictivenlris,  Dahlb., 

C.  instabihs,  Smith,  and  C.  flavopicta,  Sm.,  are  the  most  com- 
mon. Omjbelus  is  smaller  with  several  species,  none  known  to  be  widely 

spread.  0.  squamosus,  Sm.,  has  been  observed  by  Purushottam  Patel 

to  collect  the  biting  fly  Stomoxys  calcitrans  and  also  the  common 

housefly  {Mvara  sp.),  and  carry  them  off  to  provision  its  nest  which  is 

in  the  form  of  an  oblique  tunnel  in  sandy  soil. 

Crabro  buddha,  Cam.,  is  a  small  black  and  yellow  species,  which 

has  been  reared  from  pupee  in  a  tree.  C.  hellula,  Cam.,  has  been  seen 

nesting  in  wet  soil  in  a  garden  in  Western  India.  C.  orientaUs,  Cam  ,  is 

similar,  and  has  been  reared  from  pupse  found  in  tunnels  in  a  dry  mango 

branch.    The  dry  wood  was  bored  through  extremely  thoroughly  and 
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contained  large  numbers  of  cells  packed  with  Diptera  ;  a  Mutillid  {Mu- 

tilla  discreta,  Cam.),  was  reared  from  one  of  the  cells.  Bingham  remarks 
that  he  saw  a  Crahro  carrying  off  Aphides,  as  do  the  European  species 
and  this  is  likely  to  be  the  habit  of  some  of  the  above  species.  Nurse 
records  rearing  C.  balucha,  Nrse.,  from  hollow  reed  stems  in  which  it 

had  stored  "houseflies."  (Jo.  Bo.  Nat.  Hist.  8oe.  XV,  p.  16.) 
C.  ardens.  Cam.,  was  observed  in  Pusa  to  have  stored  its  nest  with  small 

flies  and  two  species  of  Crahro  were  observed  carrying  off  aphides  from 
a  Capsicum  plant  in  a  house. 

EUMENID^:. 

Wiiufs  folded  lonqitudmally,  middle  hbice  with  one  sptne 

at  the  apex,  the  elm's  dentate. 

These  wasps  include  the  small  slender  Odyneri   measuring  as  little 
as  a  third  of  an  inch  in  length  and  the  large  lobust  Eumenes  which  occa- 

¥\g.   117.     EHMRNES  RStmiGNh  WITH  ONE  FINISHI'I) 

ANn  THKEE  INCOMPLETE   ('FI,I>  (SIC). 
{From  HnVM.) 

sionally  measure  over  an  inch.  The  colouring  is  commonly  warning 
and  the  females  have  a  formidable  sting.  In  some  the  petiole 
is  well  marked  and  long,  in  others  it  is  less  noticeable.  The  antennee 
are  of  moderate  length,  with  12  joint*  in  the  male,  13  joints  in  the  female. 
The  pronotum  reaches  the  base  of  the  wings;  the  legs  are  of  moderate 
length  and  slender.    All  are  winged  in  both  sexes  and  the  females  are 
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commonly  seen   engaged  in  making  or  provisioning  the  cells  for  tlieii- 

young. 

The  life  history  of  no  Indian  speeies  has  been  really  studied  in  gieat 

detail  though  Ihe  habits  of  some  of  the  species  are  known.  These  insects 

have  the  habits  of  the  typical  stinging  predators,  paralysing  insects 

with  their  sting  and  laying  thtm  up  for  their  young  to  feed  on.  Our 

Indian  species  are  solitary  and  make  cells,  not  nests.  They  are  bene- 

ficial in  that  they  destroy  cateipillais,  but  tlieir  influence  is  probably 

not  very  great  as  their  numbers  are  not  very  large. 

Bingham  enumerates  nine  genera  as  Indian,  of  which  all  but  three 

will  be  found  in  the  plains.  Eumenes  is  the  important  genus,  contain- 

ing the  well-known  "  potters,'"  which  prepare  mud  cells  in  houses  and 
store  these  with  caterpillars.  R.  ('.  Wroughton  desciibes  rearing  1 1 
cells,  of  which  three  yielded  parasitic  beetles  (Mordcllidcp),  three  Chri/- 

sid(P,  two  flies  and  only  three  were  un])arasitiz(d  and  \no6.uceA Emueves. 

An  account  of  the  habits  of  Indo-Malayan  Enmenidcp  by  Mons. 

Maindron  will  be  found  in  Ann.  Soc.  Ent.  Fr.  1882,  pp.  (ii),  Kii),  2('u  and 
18hr),  219  ;  the  latter  refers  to  E.  petiolata  only.  Home  also  has  notes 

on  the  habits  of  Eumenids.  The  I'eaders  shou'd  see  the  account  ol 

Eumenes  dmidiaiifennn,  Sss.,  by  Lt.-Col.  ("vetin  (in  Journ.  Bombay 
Nat.  Hist.  Soc.  XIV,  p.  820),  which  is  a  model  of  what  such  obseiva- 
tions  should  be. 

Some  are  extremely  common  in  houses  and  are  a  serious  nuisance 

owing  to  the   spots  chosen  for   nest  building.     E.  petiohia,    Fabr.,  E 

diitndlatipennis,  Sss.,  E. 

esuriens,  Fabr.,  and  E. 

conica,  Fabr.,  are  common 

and  may  be  looked  for 

eveiywhere.  Eumenex  coni- 
ca, Fabr..  makes  its  mud 

cells  on  walls,  window 

frames,  cement  floojs,  etc., 

in  houses.  A  single  nest 

consists  of  seven  to  ten 

cells,  each  of  which  is 

round  in  plan,  semi-elliptica Fip.  118.— El'MR^'fc^  rRTIOLATA. 
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in  section.  In  making  a  cell,  the  wasp  brings  a  pellet  of  mud  and 
spreads  it  out  in  a  curve  ;  she  brings  more  and  more,  working  it  all  up 

into  a  wall  rising  from  the  base  she  builds  on,  and  curving  inwards  till 
there  is  a  small  round  aperture  left ;  she  then  puts  on  a  neat  rim  (Fig.  117) 

and  the  cell  has  just  the  appearance  of  the  upper  half  of  an  ordinary 

Indian  gylah  (water-jar).  Through  the  opening  she  slips  paralysed 
cateipillars,  usually  green  semiloopers  (Plate  X,  Figs.  1,  2);  if  they  are 
large,  three  to  five  is  enough  ;  if  not,  as  many  as  eight  are  put  in.  The 
egg  is  laid  before  the  caterpillars  are  put  in  and  hangs  by  a  thread  from 
the  roof  of  the  cell ;  when  the  cell  is  stocked  the  rim  is  demolished  and 

the  cell  closed  ;  another  is  then  begun  above  and  when  the  full  number 

are  made,  the  whole  is  finished  off  with  mud  evenly.  The  wasp  is  very 
sensitive  to  disturbance  and  readily  abandons  the  cells  ;  if  the  cell  is 
more  than  half  stocked,  the  transformation  still  takes  place  though  the 

wasp  is  of  a  much  smaller  size.  When  a  cell  is  partly  demolished  and 

left  undisturbed,  the  wasp  will  often  repair  the  damage  and  in  this  res- 
pect she  shows  a  much  less  fixity  of  instinct  than  does  Sceliphron  for 

instance.  The  complete  making,  storing  and  closing  of  a  cell  usually 
occupies  one  day. 

The  egg  is  a  delicate  white  object,  about  4  m.m.  long  and  hanging 

by  a  stalk  about  1"5  m.m.  long.  On  hatching  the  larva  puts  out  its 
head  but  does  not  leave  the  egg  shell  so  long  as  it  can  feed  from  it ; 
it  attacks  the  nearest  caterpillar  and  only  when  it  has  grown  a  little 

does  it  leave  the  egg  shell  completely.  When  it  has  eaten  all  the  cater- 
pillars it  spins  a  delicate  cocoon,  pupates  and  emerges.  The  imago  then 

cuts  through  the  cell  and  escapes.  Chrysis  orientalis,  Guer.,  Stilbum 

cyanurum,  Forst.,  Chrysis  fuscipennis,  Br.,  and  a  Tachinid  parasitise  this 

species,  and  in  one  case  every  cell  of  a  nest  of  ten  contained  a  Chrysid. 
Eumenes  edwardsii  has  been  reared  from  a  clay  cell,  oval  with  rounded 
ends,  found  on  a  blade  of  grass. 

Rhynchmm  has  similar  habits,  collecting  caterpillars,  and  is  found 
everywhere  :  the  common  species  are  R.  hcemorrhoidale,  Fabr.,  R.  brun- 
neum,  Fabr.,  R.  dbdominale,  Illig.,  and.£.  nitidulum,  Fabr.  The  last 

makes  a  cluster  of  up  to  25  oval  cells  coated  with  black  gummy  mate- 
rial in  which  are  stored  her  prey.    R.  brunneum,  F.,  stores  her  nest  with 
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the  caterpillars  of  the  Pyralid,  Marasmm  traprzalis,   Guer.    Chalcid parasites  attack  these  species.    (Fig.  119.) 
Odyrwrus  is  believed  to 

stoi'e  caterpillars  in  holes 
or  in  small  mud  nests. 
Most  are  small  insects,  black 

and  yellow  in  colour,  with- 

out a  petiole,  A  number 
of  fljjecies  are  recorded,  few 

of  which  are  known  to  be 

widespread. 

0.  punrtuiii,  Fabr.,  and 

0.  ovalis,  Sss.,  are  Hkcily  to 

be  found  anywhere  in  the  plains.  0.  pundum  has  been  observed  by 
T.  V.  R.  Aiyar  to  utilise  the  holes  bored  in  chairs  to  fix  the  cane  in, 

when  the  cane  is  broken  and  the  hole  empty  :  this  hole  she  fills  with 
small  caterjjillars,  after  which  she  closes  it  with  mud.  The  same  ob- 

server noted  the  latter  carrying  ofE  the  larva  of  the  Groundnut  Leaf 

Miner  (Anacampsis  itnteria,  Meyr)  to  store  in  her  nest. 

Fig.    119.-UllYN('HHIM   NITIDULUM    NIKT. 

Vkspid^e. — Wasps. 

Winij.1  hru/itudmall;/  folded  in  rrjxMe.    Middle  tihim  with  tiro 

terminal  fspiirs  ;  claws  simple. 

These  are  small  to  large  insects,  with  warning  col(>uration  of  an 

evident  kind.  The  petiole  is  usually  long  and  slender,  the  legs  of  moder- 

ate size,  the  pronotal  angles  reaching 

the  insertion  of  the  wings.  The  fore 

tibia  bears  a  cleaning  comb  through 

which  the  antennae  is  drawn,  as  is  also 
the  case  in  FormicidcB.  The  females 

have  one  more  joint  (13)  in  the  an- 
teiinsB  than  the  males  and  one  less 

abdominal  segment  (0)  but  are  other- 

wise similar.  In  the  majority  of  the 

species,  social  habits  are  observed  ;  the  nest  may  last  more  than  one 
season,  but  in  our  common   species  this  is  not  usually  the  case  though 

Fig.    12(1.-- ICAIIIA    KKKKlUilNKA. 





PLATE    XI.— Vespa  Orienialis. 

Combs  removed  from  the  envelope       Reduced  about  three  times 
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successive  communities  may  continue  nests  in  the  same  spot. 
Workers,  i.e.,  imperfect  females,  are  found  in  the  more  highly  organised 
communities  and  a  nest  may  contain  a  large  numbei  of  individuals. 
Owing  to  the  ferocity  of  their  disposition  and  the  virulence  of  their 
stings,  precise  observations  have  not  been  made  into  the  habits  of  these 
insects  in  India  and  little  is  known  of  them. 

Nests  are  commonly  made  of  papery  material  consisting  of  chewed 
vegetable  fibre.     Polistes  hebrcem  may  often  be  seen  working  at  dry 

rf  f
i':  ■ FiR.  121.— Nest  o(  ilaria  auhkbx 

posts  or  trunks  from  which  the  bark  has  been  stripped,  first  moistening 
a  spot,  then  workmg  off  the  fibre  and  taking  it  away.  A  nest  consists 
of  cells  of  hexagonal  form,  hanging  with  the  opening  downwards ;  in 
the  simple  nests  of  Icaria  there  are  two  rows  of  cells  only ;  in  the 
more  complex  nests  of  Polistes,  the  cells  form  horizontal  combs,  hung 
by  stalks,  and  with  a  diameter  of  six  or  more  inches  in  rare  cases ;  there 
may  be  one  comb  below  another  but  the  combs  are  open  all  round.  In 
Vesfa,  there  is  an  envelope,  the  nest  completely  enclosed  and  with  the 
combs  inside  clear  of  the  envelope  so  that  there  is  access  to  each  comb 
all  round ;  in  others  the  comb  is  attached  to  the  envelope  and  access  is 
gained  by  a  central  space  passing  up  through  the  combs. 

The  wasps  feed  on  caterpillars,  mantids,  bugs,  grasshoppers,  beetles 
and  other  insects  and  some  constantly  seek  for  fruit  juice,  sugar,  sweets 
and  such  material.  The  young  are  f5d  up  on  the  crushed  insects 
brought  home  by  the  parent  or  worker,  but  few  details  have  been 

recorded.    The  number   of  caterpillars  these    wasps  eat  is  apparently 
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Nine   species    are   included    in  this    genus  and    a   single   Collefes  [C. 
dudgeonii,  Bingh.)  has  been  found  in  Sikkim. 

Apid^. — Bees. 

Tongue  acute,  not  emarginak.    The  thorax  with  branched 
hairs,  the  basal  tarsal  joint  dilated. 

Tt  is  not  always  easy  to  recognise  a  bee  at  a  glance  and  a  fair  know- 
ledge of  other  Aculeatos  enables  one,  by  elimination,  to  ])lace  doubtful 

forms.  Actually  the  group  is  not  well  defined  structurally  thou^'h  it  is 
so  on  a  combined  apjireciation  of  habits  and  structuie.  Bees  are  of  small 

to  moderately  large  size,  their  colours  often  dull,  often  more  oi  less  warn- 

ing. The  head  is  well  developed,  usually  with  three  ocelli;  tlie  antenmc 

are  of  moderate  length  with  a  scape  and  a  flagejlum  ;  tlie  iuouth])arts  aie 
of  varied  form  but  include  a  pair  of  cutting  mandibles,  a  lower  li])  and 

maxilla'  which  form  the  tongue,  often  very  long,  and  two  pairs  oi  })ali)i  ; 
there  is  great  variety  in  these  mouthparts  and  tliey  aieof  value  in  the 

classification.  Bees  utilise  their  tiojilii  in  a  great  variety  of  ways  which 

are  really  very  little  understood  but  Ihey  are  essentially  modified  biting 

mouthparts  of  great  complexity  with  tlie  lower  lip  fimctioning  as  a  laj)- 

ping  organ  for  imbibing  liquid.  'I'he  thorax  forms  a  compact  mass  and  is 
highly  chitiniscd;  the  abdomen  is  oval,  the  petiole  short  and  not  notice- 

able. The  ventral  surface  bears  the  sfopa  or  pollen-collecting  brush  in 

those  species  which  collect  j)ollen  in  this  way.  The  legs  are  short,  hairy 

and  the  hind  tibia  and  basal  joint  of  the  taisus  are  dilated  and  densely 

pubescent  for  carrying  pollen.  The  use  to  which  most  aculcates  put  the 

hairs  is  for  cleaning  antenna*  and  other  parts  ;  pollen-collecting  hairs  may 
be  modified  cleaning  hairs. 

The  ApidcB  include  social  and  solitary  sj)ecies,  the  social  instinct 

being  well  developed  in  Apis  in  particular  though  perhaps  to  a  less  dcgre<> 
than  in  some  Termites  and  ants.  The  majority  have  essentially  the 

same  habits  and  Ufe  history;  the  females  collect  nectar  and  jjollen  of 

flowers  to  feed  themselves,  to  feed  their  yoimg  or  to  store  up  for  the  bene- 
fit of  their  young.  A  minority  are  parasitic,  laying  their  eggs  in  the 

nests  of  their  more  energetic  food-storing  brethren. 

In  the  simpler  cases,  as  in  Megachile,  each  bee  makes  a  solitary  nest, 

preparing  one  cell  at  a  time,  filling  it  with  a  paste  of  honey  and  pollen, 
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PLATE    XII. — Mkqachile  Anthracina. 

The  Black  Leaf-cutting  Bee. 

Part  of  a  series  of  leaf-cells  taken  from  a  hollow  branch. 

A  single  cell  opened  to  sliow  the  larva  feeding  on  the  pollen- 
mass. 

Full-grown  larva. 
Cocoon,  after  the  leaf  covering  is  stripped  off. 

Cocoon,  after  emergence  of  the  bee. 

Tmago,  female. 

Leaf  of  Pigeon  pea  {Cajanus  indicvs)  from  which  an  oval 

side-piece  (above)  and  a  round  end-piece  for  the  cell  have 
been  cut. 

f<.  Complete  series  of  eight  cells  in  a  tunnel  in  a  branch  ;  two 

of  last  year's  cocoons,  without  loaf  covering,  are  shown 
beside. 

'.).     Imago,  male. 
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Polistes  sti(fma,¥a,hT.,iB  the  only  other  common  species  of  this  genus 

and  it  has  been  observed  to  nest  in  trees.  Next  to  the  yellow  wasp  (P. 

hebrceus)  this  is  the  commonest  of  the  genus  in  Pusa  and  the  only  other 

species  often  come  across.  We  have  found  this  insect  attaching  its  slen- 
der paper  nest  made  up  of  five  or  six  hexagonal  cells  to  the  branches  of 

trees  overhanging  the  river. 

Vespa  includes  the  large  wasps  common  in  towns  at  sweetmeats 

and  wherever  sweet  stuff  is  to  be  obtained.  Vespa  cmrta,  Fabr.,  and 

V.  orientalis,  F.,  are  the  common  plains  species ;  the  very  large  F.  magvi- 
fica,  Sm.,  and  V.  ducalis,  Sm.,  are  notable  hill  species.  Veupa  cincta. 

Fabr.,  is  not  as  common  as  V.  orientalis,  F.  It  is  found  generally  in 

thick  forest.  It  makes  its  nest  in  the  holes  of  big  fig  and  other  forest 
trees  and  has  been  observed  to  attack  the  nests  of  Polistes  hebrceus  and 

carry  off  the  larva-  from  the  cells,  the  Pohstes  making  no  opposition. 
Vespa  orientalis,  F.,  has  also  been  observed  hiding  away  for  tlie  wiritei 

in  holes  in  buildings.  Bingham  states  that  the  nests  are  in  trees  oj'  at 

the  foot  of  a  tree  or  attached  to  the  beams  of  a  house.  Theij' stings  are, 
as  he  remarks,  very  painful  and  to  be  avoided  if  possible.  There  arc 

many  obscure  points  about  this  insect  and  we  would  like  to  see  it  pro- 

perly investigated.  It  is  the  commonest  of  the  species  in  India  and  is 

fond  of  selecting  old  buildings  and  walls  to  construct  its  combs  (Plate 

XI)  when  many  individuals  are  employed  in  the  work.  These  nests  aie 

sometimes  very  large  and  extend  far  into  loose  masonry  in  old  buildings, 

the  communities  being  very  populous.  They  are,  in  the  colder  parts  of 

the  plains,  abandoned  yearly,  the  fertilised  females  hiding  away  till  the 

cold  passes  and  then  starting  again  ;  in  this  way  the  same  nest  may  be 

tenanted  year  after  year.  In  sweetmeat  stalls  in  bazaars  this  is  apeet, 

perching  on  the  exposed  sweet  stuffs  in  numbers,  but  it  is  curious  to  find 

that  it  injures  no  one,  though  driven  away  now  and  then. 

(!0LI-hTll)/h:. 

Tongue  emarginate  at  apex,  short  and  broad. 

This  is  a  small  family  of  somewhat  rare  insects  which  are  not  social. 

They  are  of  small  size,  all  black  in  colour  and  inconspicuous.  Two  gene- 

ra and  ten  species  are  known  from  India  and  of  these  none  can  be  regard- 
ed as  common  or  widespread  in  the  plains.  Prosopis  mixta,  Sm.,  is 

perhaps  the  most  common   and  will  probably  be   found  more  widely. 
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Meyachile  includes  the  very  familiar  bee  that  builds  mud  cells  in  our 
houses  in  any  tubular  cavity  that  offers  itself.    The  work  of  the  leaf-cut- 

Fij!    122.    Cells  o\>  meuachile  lanai'a,   >.  1. 

ting  species  is  well  known,  though  we  doubt  if  many  ])eo])le  have  seen 

these  insects  at  work.  31.  anthravina,  Sm.,  is  the  common  leaf-cutting 
bee  of  the  plains,  which  cuts  neat  pieces  out  of  the  stiff  leaves  of  rose. 

Baufiinia  and  pigeon  pea.  These  it  takes  away  to  line  its  cells,  which  i( 

fills  with  pollen  paste.  We  figuie  the  cells  of  these  species  found  in  a 

tiee.  (Plate  XU.)  A  point  of  interest  in  this  .species  is  that  it  is  found 

as  an  imago  only  after  the  rains,  i.e..  Octobei'  and  November.  In  caj)ti- 
vity  the  larva'  rested  from  December  to  Se])tem})ei  in  the  cell.  This  is 

the  case  in  Behar,  but  it  may  not  be  true  of  all  India.  M.  digjiincta, 

Fabr..  is  also  common  and  makes  mud  cells  filled  with  paste.  Jt  has  the 

base  of  the  abdomen  covered  with  whitish  pubescence.  The  commonest 

species  is  M.  lanala,  Fabr.,  with  base  of  the  abdomen  red-brown  ;  this 

builds  the  mud  cells  (Fig.  J  22)  in  houses  and  also,  as  does  M.  disjuncta,  in 

soil.  In  the  foimer  case,  a  mud  cell  is  made,  in  the  latter  case,  a  casing 

of  leaves  is  applied  to  the  sides  of  the  burrow  direct.  It  is  common  both 

in  the  dry  hot  weather  and  after  the  rains.  M.  conjiincta,  Sm.,  makes 

its  leaf  cells  in  a  hollow  bamboo.  Megachile  Janata  is  attacked  by 

mites,  which  fix  themselves  to  the  larval  integument  and  draw  in  fluid 

so  that  their  abdomen  becomes  immensely  dilated  aftei  the  manner  of 

the  '  honeypot '  ants  {Myrmecocystuii). 
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Parevaspts  is  a  parasitic  bee  found  in  the  nests  of  Megnchile ;  Pare- 

vaspis  carhonaria,  Sin.,  is  the  common  Indian  species.  Ceratina  viridw- 
sima,  1).  T.,  is  the  delightful  little  metallic  green 

bee  that  tunnels  in  dry  stems  and  lays  up  food 

there  ;  it  is  common  throughout  India.  (Plate 

XIII,  Fig.  1.)  The  pupa  is  not  in  a  cocoon  but 

simply  lies  free  in  the  cell  separated  by  a  wall  of 

fibre  from  its  neighbours.  (Fig.  123.)  The  egg 

of  Ceratina  (like  that  of  some  other  insects) 

increases  in  size  after  it  is  laid,  from  about  2 

m.m.  to  over  ;V5  m.m.  in  length;  a  chalcid 

parasitises  the  larvtr,  four  having  been  found  in 

one  cell  as  pupe.  The  larval  period  is  from  i) 

to  i;i  days,  the  pupal  from  l.'J  to  18  days  'u\ 
October,  November.  G.  11.  Dutt  has  found 

a  cell  in  a  hollow  twig  in  thatch  containing  two 

larva.',  the  cell  sealed  with  black  wax,  which 
he  reared  to  Heriades   parvula,  Hingh.      This 

.  FlK.    ]i3,— ('KRAllNA    \I1tI 
little  bee  is  comparatively  rare  but  occuis  in        i>i>.sima  j-upa  in  cbll 

.  ,  AN1>  KVirrV   CELL. 
Behar  as  well  as  m  Hurmah.  [k.  m.  H.J 

Coelioxys  includes  the  black  bees  with  rather  sharply  tapeiing  ab- 
domen that  one  sees  hovering  around  walls  and  buildings.  C.  basalis, 

Sm.,  is  said  by  Bingham  to  be  j)arasitic  upon  Megachile  lanata.  C. 

decipiem,  Spin.,  is  the  second  common  species. 

Crocisa  is  said  to  be  parasitic  upon  Anthophora  and  there  is  a  resem- 

blance in  build  and  colour  between  them ;  of  the  former,  C.  hintrio,  Fabr., 

and  C.  rarrwm,  Lep..  which  are  conspicuously  black  and  white  are  com- 
mon; Anthophora  nests  in  the  soil;  A.  tonata,  Linn.,  and  A.  violacea, 

Lepel,  are  likely  to  be  found.     (Plate  XITI,  Figs.  5,  (5.) 

Xyloiopa  includes  the  famiUar  large  carpenter  bees  which  make 

tunnels  in  hard  dry  wood  ;  they  are  large,  usually  black  insects,  with 

dark  wings  and  are  distinctly  the  largest  of  the  bees  in  the  plains.  X. 

wstuans,  Linn.,  in  which  the  male  is  covered  in  yellow  pubescence,  the 

female  in  black,  is  the  very  common  species,  whose  nests  may  be  seen  in 

posts  and  beams.  (Plate  XIll,  Figs.  7, 8.)  X.  fenestrata,  Fabr.,  X.  anm- 

thystina,  Fabr.,  and  X.  iridipennis,  Lepr.,  are  also  common.    XyJoopa 
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matter  they  use  in  making  their  nests.  M.  vidua,  Lep.,  is  apparently 

the  only  Indian  species  at  all  common  and  the  genus  is  probably  found 
almost  wholly  in  forest  localities.  Home  has  remarks  upon  the  habits  of 

M.  smith-ii,  Bingh.,  {Trvjona  ruficornu,  Sm.),  which  he  found  at  Benares. 

INSECTS  AND  FLOWERS  IN  INDIA. 

1.    H.   BuRlCILL. 

The  Xylocopas  are  the  most  important  of  flower-visiting  insects  in 
the  plains  of  India,  and  are  of  veiy  geneial  distribution.  Thoy  have 
large  size  and  long  tongues,  and  they  visit  persistently  all  day,  and  some 
of  them  also  on  moon-lit  nights.  The  Sunn  hemp  ci  op  is  largely  ferti- 

lised by  them,  and  possibly  the  Indian  pulses.  Cassias  in  Calcutta  are 
commonly  visited  by  one  of  them  and  many  laige  showy  flowers. 

The  place  of  Xi/Iocopa  in  the  plains  is,  in  the  hills,  taken  by  Bomhus, 
whose  methods  of  work,  degree  of  persistence,  etc..  are  more  or  less 
completely  known  fiom  studies  in  Europe  Bomhus  ascends  to  the 
snows  visiting  Aconites,  balsams,  the  small  honeysuckles,  etc.,  which 
grow  high  up. 

The  genus  Anthofhora  has  species  both  in  the  region  of  Xylocopa 
and  the  lower  part  of  the  region  of  Bomhus  ;  one  of  its  species,  A. 
zonata,  does  great  service  to  plants  in  the  plains,  being  a  diligent  visitor 
often  to  floweis  a  little  less  showy  than  Xylocopa  seeks,  Buoh  as  the 
Labiate  weeds  of  India,  and  to  flowers  into  which  it  creeps  such  as 

Costvs  spen'osus  or  Rvelia. 
Of  Apis  the  three  Indian  species  are  important.  They  all  seem  to 

have  the  persistence  of  the  hive  bee,  keeping  generally  to  the  same  spe- 
cies of  plants  at  one  spell  of  work,  and  they  are  all  diligent ;  but  they 

cannot  work  so  fast  as  larger  insects.  Whereas  Xyloropa  lafipes  was 
observed  to  visit  30  jute  flowers  per  minute  and  Xylocopa  cesiuans  to 
visit  .35  jute  flowers  per  minute.  Apis  florea  visited  about  10-  15  flowers 
per  minute  (see  Jouin.  Asiatic  Soc.  Bengal,  1900,  pp.  5H5  and  518).  The 

i-ate  at  which  Apis  fiorea  works  on  the  extra-floral  nectaiies  of  cotton  is 
about  16  fruits  per  minute.  The  short  tongue  of  Apis  florea  sends  it 
to  comparatively  insignificant  flowers.  It  is  common  in  places  on  Cor- 
ahorus  (jute).  Evolvulus  and  other  floweis  about  as  broad  as  the  insect 
is  long.  In  the  drier  hills  Apis  indica  is  a  veiy  important  flower- 
fertilising  insect,  especially  where,  as  behind  Simla,  it  is  domesticated. 

The  effect  of  the  water-logging  of  Eastern  Bengal  on  the  flower- 
visiting  insect  fauna  might  be  very  interesting  to  study ;  Xylocopas 
nesting  in  trees,  Apis  dorsata.  Apis  florea,  etc.,  persist ;  but  the  ground 
nesting  species  cannot, 
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lenm'srapa,  Westw.,  in  Ceylon  is,  according  to  (h-wn  (Ent.  Mo.  Mag., 
1902,  232),  tlie  host  of  the  Cantharid,  Cissites  Pebi/i,  Fairni.  He  also 

figures  there  the  cavity  in  the  base  of  the  abdomen  in  which  lives  the 

Acarid  parasite  Greenia  Parkinsi  Oudem 

Bomhus,  the  "Bumble-bee"  of  Europe,  is  entirely  a  hill  species  and 
the  beautiful  Bombi  one  sees  in  the  hills  do  not  descend  below  :\(XX) 

feet.     (Plate  XI IT,  Fig.  9.) 

The  species  of  Apis  are  the  common  honeybees,  three  species  occur- 
lingin  India  wild.  These  are  readily  distinguislied,  so  far  as  the  workers 

go,  by  their  size.  A.  dorsata,  Fabr.,  being  the  largest,  A.  Indira,  Fabr.. 

the  medium  sized  and  J .  forea,  Fabr.,  the  smallest.  While  all  three  are 

common  in  India,  they  do  not  all  appear  to  occur  together ;  A.  dorsata 

is  the  big  bee  that  builds  large  nests  in  the  forest  and  away  from  cultiva- 
tion; A.  indica  is  common  generally  in  trees,  as  is  J.  flnrea,  which  in  tlie 

plains  of  India  is  very  often  found  making  its  single  combs  in  any  conve- 

nient position  on  a  building.  Bingham  mentions  A.  indica  as  the  com- 

monest bee  of  Burmah,  but  florea  is  at  least  as  conmion  in  hidia  and 
its  nests  are  far  more  often  seen. 

A  great  deal  can  be  written  about  these  bees  and  the  reader  is  ad- 

vised to  consult  Home's  article  in  Tians.  Zoo!.  Soc,  J879,  VII, p.  181,  as 

well  as  Hooper's  Agricultural  Ledger  on  bees-wax.  An  English  abstract 

of  Castets'  article  on  bees  of  South  India  (Revue  des  Questions  Scienti- 

fiques,  Brussels,  October,  189:3)  will  be  found  in  the  Tropical  Agriculturist, 

January,  1908,  p.  48.  It  is  of  interest  as  containing  an  account  of  the 

wild  bees,  as  also  of  Melipona  (Trigona)  iridipennis,  Smith.  For  prac- 

tical directions  in  bee-keeping  in  India  Douglas'  Handbook  of  Bee-keeping 
in  India  (1884)  should  be  consulted. 

Bees  collect  pollen  from  flowers,  as  well  as  nectar,  and  some  collect 

a  resinous  matter  from  buds,  from  bark  and  other  parts  of  plants.  On 

the  two  former  they  feed  themselves  or  their  young ;  with  the  latter 

they  make  the  nest  tight.  Wax  is  a  secretion  produced  by  young  bees 

and  used  to  make  cells  for  honey  and  comb.  About  IC  to  20  pounds  of 

honey  is  said  to  be  eaten  by  young  bees  to  yield  one  pound  of  wax. 

Melipona  is  distinguished  by  having  one  cubital  cell  in  the  f  orewing 

only ;  it  includes  the  small  bees  which  build  nests  in  trees  and  cracks  of 

buildings ;  they  are  often  called  Dammar  bees  from  the  dark  resinous 
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Fig   1.  Mutillii  poonacnsis,  cocoon. 

2.  „  „  ffmalp. 

3,  ijtcgauoiuuh  nodicoinii. 
1.  Ceratina  virtdissima, 

a  Orocina  lamosa. 

(i  Anthopliuia  cingulala. 

7.  Xjlocopii  Hjstunns,  female. 

8  ,,  »         'aale 
9.  Koiiibu.s  tunicatuB, 
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INRKOTS    AND    FLOWERS    IN    INDIA.  22,T 

The  ]i<abits  of  the  flower- visiting  slioiter  toiif^ucd  hces  aiv  foi  IikIih 
quite  unstudied,  finlirtiis  is  common  enougli  in  some  ])lac(>.s  and  // 

st'nfsrens  is  recorded  from  Beluirasliavinf,'  some  conneelion  witli  t]ie]>()lli 
nation  there  of  cotton  ll  is  wortliv  of  jmssinj;  lemark  1liat  in  Euiojic 

.some  of  tliese  sliort-tonfjued  hees  have  heen  found  1o  linve  Ihe  vciy 
closest  inter-relations  with  ])articuhir  species  of  ])hints  ¥()\  mstance 
Brycmia  is  visited  hyaHalictusand  hy  little  else,  and  ihv  Hal  ictus  hardh/ 

risits  nnytliiiii;  cLse.  hut  the  Bryonia  flowers  The  tonjiue  of  /Vo.sv»/)/.s 
IS  verv  short  indeed 

AiiKuifi  the  was])s,  we  find  holh  lonfjaiid  slioit-toiijjued  sjiecies  .  Odii- 
nt'ruK  foi  instance  is  loiin;-toiif;ued.  Vcs/xi  slioit-t(m<»iied  Vrspii  seems 
to  ))e  not  unimportant  in  the  pollination  of  rinretta  (Snr)tiii  C/nnild) 

in  Sikkim  Tlie  ioiifi-lefjfied,  sl(iw-nio\inf;  /'(ih.ilcs  ol  the  jilaiiis  f;o  in 
ex])osed  honey  S])hegids,  l'oni]>ilids  and  Scoliids  mav  I)"  s(>eii  in 
Indi.i  at  exposed  honev 

Of  Le])idoptera  there  are  many  common  ])lains  species  winch  (hnilit- 
le.ss  do  a  considerahle  amount  of  flower  pollination,  r  t/  ,  IhiiKiis.  Tcniis, 
etc  They  seem  to  lecpiire  a  fjood  deal  of  Injiiid  diirinf;the  day  hut  often 
much  of  it  is  merely  water  taken  from  a  wet  mud  liank.  The  least  m- 
consistejit  in  liahits  are  ])er]ia])s  the  S])hingids.  which  are  not  uncommon- 

ly to  ))('  seen  flower  visitinj;  hotli  l)y  day  and  l)y  niffht  I'li.ssilily  some 

Hcsjicr'ndK  are  also  in  a  nieasnie  not  inconsi.stent  in  their  flowei  visitmi; 

Diptcra  in  the  jilains  seem  to  plav  hut  a  small  ]>art  in  flower  pulli- 
nation  It  is  different  in  the  Himalayas  where  large  Bonihyluds  join  liic 

Homl)i  in  going  to  rath(>r  s])ecialiseil  flowers,  and  where  out  of  the  Sift- 

plidd'.  Hhiwjia  and  Erixlnhx  are  not  uncf)mmon  Tacliinids  al.so  have 
some  importance  in  the  hills,  hut  })erliaps  not  m  the  jilains  it  is  to  he 

assumed  that  our  laige  evil-smelling  .\race.e  attract  mincids.  hut 
so  lar  no  thorough  iinestigations  liave  heen  math'  .\  little  heetle 

crawls  into  a  foul-snielling  Ti/iiltinmini  '  whieli  giows  in  Lower  Hcngal 

Bihionids  are  often  common  on  flowers  in  the  hills  and  \nthomyifls 
not  frequent  both  in  the  hills  and  the  ]>lains 

Of  the  relaticms  of  other  insects  to  flowers  tlieie  is  leally  nothing 

to  remaik  :  and  it  may  he  added  heie  tliat  theie  is  an  uninvestigated 
held  in  the  study  in  India  of  flower  jiollination  hy  hirds  Birds  at  times 
visit  for  honey,  and  at  tunes  for  small  insects  Ivmg  hid  within  the 

flowers  Keehle's  account  of  his  ohseivations  on  hiid-polhnation 
of  ioraM//;«cc6P  in  Ceylon  (Trans  Linn.  Soc  Hot.  V,  ji])  !»!-!•')).  and  a 

few  remarks  hy  ].,ieutenant-('olonel  I).  D  Cunningham  in  his  "Indian 

Friends  and  Acquaintances."  p  l.'K),  e<)m])rise  all  that  has  been  jmt  on 
record  (The  student  should  also  consult  Mr  I  H.  Burkill's  j)ai)ers  in 
tlie  .lournalofthe  Asiatic  Societv  of  Bengal.  I(»(»'i  onwaids  ) 
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FoRMiciD-a;. — Ants. 

The  hasal  one  or  tiio  segments  of  tlie  abdomen  are  in 

the  form  of  detached  nodes. 

Ants  are  sufficiently  familiar  but  the  above  character  is  occasionally 

required  to  verify  the  faft  of  a  specimen  really  belonging  to  this  family. 

They  are  in  general  small 

insects,  of  dull  colouring, 

usually  brown  or  black  ; 

in  only  a  few  is  the  length 

greater  than  a  quarter  of 

an  inch  and  these  large 
forms  will  be  taken  for 

wasi)s.  The  head  bears 

antennoe  which    have  a  v\s  l'2t.— soLB^oh  wrdEMiNATA,  workru. 

long  basal   joint  (scape) 

and  a  number  of  short  joints  (fiagellum);  in  the  males  of  some  species 

the  scape  is  short.  The  mouthparts  are  small,  the  mandibles  often  of 

peculiar  form.  The  thorax  is  much  modified  in  different  species  and 

in  different  fojms  of  the  same  species.  The  legs  are  long  and  most 

species  can  run  actively.  The  abdomen  is  distinct,  in  the  female  and 

worker  of  six  visible  segments,  in  the  male  of  seven,  and  is  usually 

larger  in  the  female. 

Ants  are  hocial,  living  in  commmiities  in  which  there  is  a  consider- 

able amouTit  of  specialisation  of  fojms  to  seive  the  purposes  of  a  useful 

Kii;.  125.— Cami'onotub  comphbs- 
SU8,   WORKKK  MINOK,     X  3. 

Fife'.    126-  CAMrONOTUB  IOMI-KKBSDS,  ANOKhER 
MAJOK,    X  X 
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The  habits  of  the  flower-visiting  shorter  tongued  bees  arc  for  India 
quite  unstudied.  Halictus  is  common  enough  in  some  places  and  H. 
senescens  is  recorded  from  Behar  as  having  some  connection  with  thepolli 
nation  there  of  cotton.  It  is  wortl)y  of  passing  remark  that  in  Europe 
some  of  these  short-tongued  bees  have  been  found  to  have  the  veiy 
closest  inter-relations  with  particular  species  of  plants.  For  instance, 
Bryonia  is  visited  by  a  Halictus  and  by  little  else,  and  iheHahcfus  hardh/ 
msits  anything  else,  but  the  Bryonia  flowers.  The  tongue  of  Prompts 
is  very  short  indeed 

Among  the  wasps,  we  find  both  long  and  short-tongued  species  ;  Odii- 
nerns  for  instance  is  long-tongued.  Veupa  shoit-tongued.  Vespa  seems 
to  be  not  unimportant  in  the  pollination  of  Chiretta  {Sm'rtiu  Chirata) 

in  Sikkim.  The  long-legged,  slow-mo\ing  Poh'Htcs  of  the  plains  go  to 
exposed  honey.  Sphegids,  Pompilids  and  Scoliids  may  h^  seen  in 
India  at  exposed  honey. 

Of  Lepidoptera  there  are  many  common  plains  species  which  doubt- 
less do  a  considerable  amoimt  of  flower  pollination,  e.g.,  Danais,  Terms, 

etc.  They  seem  to  require  a  good  deal  of  liquid  during  the  day  but  often 
much  of  it  is  merely  water  taken  from  a  wet  mud  bank.  The  least  in- 

consistent in  habits  are  perhaps  the  Sphingids,  which  are  not  uncommon- 
ly to  be  seen  flower  visiting  both  by  day  and  by  night.  Possibly  some 

Hesperiids  are  also  in  a  measuie  not  inconsistent  in  their  flower  visiting 

Ih'jifera  in  the  plains  seem  to  play  but  a  small  part  in  flower  polli- nation. It  is  different  in  the  Himalayas  where  large  Bombyliids  join  the 
Bombi  in  going  to  rather  specialised  flowers,  and  where  out  of  the  Si/r- 
phidcB,  Rhinqia  and  Ermtalis  are  not  uncommon.  Tachinids  also  have 
some  importance  in  the  hills,  but  perhaps  not  in  the  plains.  It  is  to  be 
assumed  that  our  large  evil-smelling  Arace*  attract  mubcids,  but 
so  far  no  thorough  investigations  have  been  made.  A  little  beetle 
crawls  into  a  foul-smelling  Tijphonium  ?  which  grows  in  Lower  Bengal. 

Bibionids  are  often  common  on  flowers  in  the  hills  and  Anthomyids 
not  frequent  both  in  the  hills  and  the  plains. 

Of  the  relations  of  other  insects  to  flowers  there  is  really  nothing 
to  remark  :  and  it  may  be  added  here  that  there  is  an  uninvestigated 
field  in  the  study  in  India  of  flower  pollination  by  birds.  Birds  at  times 
visit  for  honey,  and  at  times  for  small  insects  lying  hid  within  the 
flowers.  Keeble's  account  of  his  observations  on  bird-pollination 
of  Loranthacece  in  Ceylon  (Trans  Linn.  Soc.  Bot.  V,  pp.  91-96),  and  a 

few  remarks  by  Lieutenant-Colonel  D.  D  Cunnmgham  in  his  '  'Indian 
Friends  and  Acquaintances,"  p.  130,  comprise  all  that  has  been  put  on 
record  (The  student  should  also  consult  Mr.  I.  H.  Burkill's  papers  in 
the  Journal  of  the  Asiatic  Society  of  Bengal.  190r>,  onwaids.) 
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division  of  labour ;  the  nest  commonly  consists  of  males  and  females,  with 
various  forms  of  workers  ;  the  degree  to  which  this  specialisation  goes, 
varies  very  much  with  the  species.  Commonly  there  are  two  or  three 

forms  of  workers,  the  soldier  with  large  head  and  mandibles,  the  worker, 

major  and  minor,  with  more  normal  structure.  A  nest  may  consist  of  a 

greater  or  smaller  aggregation  of  individuals  and  there  are  a  few  species 

which  share  the  light-shunning  habits  of  Termites,  most  nesting  in  soil, 
trees,  etc.,  but  working  in  the  light. 

Jn  habits  there  is  the  greatest  diversity  ;  we  cannot  discuss  this  sub- 

ject in  this  place  nor  have  we  much  that  is  original  to  add  to  the  little 

that  is  known.  The  reader  should  consult  tlie  following  papers  . — 
Jerdon  (A.  M.  M.  H.  (2),  XTU,  pp.  45,  |(K)) ;  Wroughton  (Jo.  Bo.  Nat. 

Hist.  Soc,  Vil,  pp. ;«),  170) ;  Rotlmey  (Trans.  Ent.  Soc.  Lcmdon,  IHHi), 

p.  '.Wi)  ;  (.To.  Bo.  Nat.  Hist.  Soc,  V,  p.  :$H)  ;  Rothney  (Trans.  Ent. 

Soc.  London,  J8i)5,  p.  211) ;  Aitken  (Jo.  Bo.  Nat.  Hist.  Soc,  IV,  j).  l!")!  ; 
V,  p.  422);  Green  (Proc.  Ent.  Soc,  London,  IW»(i)  ;  Green  (Jo.  Bo. 

Nat.  Hist.  Soc,  XTTI,  p.  J81). 

In  general,  the  ants  are  scavengers,  the  workers  bringmg  to  the  nest 

the  food  for  the  whole  community.     This  food  consists  of  dead  bisects, 

FlK.    127.— UaMHONOTUS  COMHKhSM  s, 

MALK,     X  :i. 

Kl({.   12H  — CAMPONOIUh  COMHRKh- 

8  UK,   FKMALE,     X  3, 

any  available  nutritious  animal  matter,  the  sap  of  plants,  any  nutritious 

vegetable  matter  that  can  be  obtained  ;  in  this  sense  ants  are  excellent 

IlL  15 
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larvae  and  pupa"  being  carried  by  the   workers.     In  some,  tlu'  pupa  is 

free,  in  others  in  a  silken  cocoon  which  the  larva  itself  prepai'es. 

An  interesting  feature  of  ants,  especially  «)f  the  fiercer  and  more 

war-like  species,  is  the  fact  that  they  are  mimicked  by  otlier  insects 

extremely  closely.  Si  ma  rufoniqrn  is  mimicked  by  a  Spliegid  Rhivapsis 

rufirornis,  Cam.,  in  Barrackpore  and  by  Rhinopsis  vonstanccw.  Cam.,  in 

the  Konkan.  It  is  also  comm(mly  mimicked  by  a  spider,  as  is  Himn 

nigra.  Wroughton  records  the  mimicry  of  a  species  of  Poli/rhnc/iis  by 

the  nym])h  of  a  Coreid  bug  Ditlirhiiin  in/falus.  Kby.  (Proc.  Enl.  Soc, 

Lond.  1891,  p.  XVil). 

Bingham  lists  the  Indian  8j)ecies  in  Vol.  II  of  the  Fauna  of  India, 

Hymenoptera,  based  on  Ford's  ])apers  (Jo.  Bo.  Nat.  Hist.  Soc,  VII, 
etc).  In  this  volume  498  species  are  enumerated  as  Indian,  of  which 

those  mentioned  below  are  common  in  the  plains  with  a  fairly  wide 
distribution. 

Dori/hnce. — Male  large  and  was])-like ;  workers  blind,  subterranean. 
Female  apterous,  blind  and  like  a  (jueen  termite.  Pupa  in  a  cocoon. 
Worker  with  a  sting. 

There  are  two  comm<m  genera, 

Dori/luK  with  (tne-joiiited  pedicel, 
.Enirtu.i  with  two-jointed  ])edice] 

in  the  workers.     Dori/hiK    makes     its 

Fiji.    130     DottYLi's  orikntalis 
>\OKKKKS. 

Kiir.   LSI.-  DOKVLUH  LABIATt'S, 
MAI.K,    X   ]{. 

nest      below     ground    and     behaves 

much   like    a   termite.     D.  orientnUs 
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scavengers  and  as  they  are  practically  everywliorc  in  the  open,    they 

serve  an  extremely  useful  function.    In  some  8])ecie8  this  habit  is  spe- 

cialised in  one  direction  ;  some  are  •  harvesters,"  storing  in  their  nests 
seeds  of  grasses  and  small  millets,  occasionally  even  tliat  of  licc.    Hoh 

comijrmn,  Mcssnr,  Phidolngiton  and  Phidolc  aiethe  best  known  harvest- 

ing ants  and  these  live  entirely  in   this  one   manner.     In  others  the 

"agricultural"  habit  takes  another  iorm  and  what  corresywnd  to  oui 

"cows"'  are  kept  and  milked  ■  the  latter  are  insects  which  suck  the  sap 
of  plants  and  yield  a  sweet  excietion  which  the  ants  I'eniove ;  Mealy  bugs 
(Coccido').  (Jlreen  Fly  {Aj)hida>).  Psi/]lit](v,  Mcmbracidd-  are  the  important 

groups  of   "cows."  while  the  laivtr  of  many  l^ycanids  are  attended  by 
ants  and  yield  exoreti(m.     V(mi}mnotuK.  (^rcrnHMnijastcr,  Cafaulanis  and 
IKeophjiUa  have  this  habit  as  pait  of  theii  activities  and  the  caie  they 

take  of  their  cattle  is  in  some  cases  very  marked;  it  is  no  uncommon 

thing  to  see  a  shelter  built  ovei  a  cobmy  (»f  mealy  bug,  and  in  South 

India    Lcciinium    lormicnni  ih  found  only  undei  haid  shelters  erected 

by  ants  <m  trees     Othei  ants  are  ])redaceous  and  carnivoious,  going  out 

on  foraging  expeditions   to    seek    live    food,  such  as  insects.     Tliough 

teimites  live  retiied,  they  aie  attacked  violently  by  some  kinds  of  ants 

(Lohnpeltn)      iiothney   states    tliat    in    Madras,  two  ants  (MonomoDum 

sahnionis,  ]jinn..  and  Solevopmi^  <ieniivala.  Fabi.)  aie  deliberately  intro- 

duced into  warehouses  to  check  the  depredations  of  wliite  ants.     This 

pi'actice  is  not  uncommon  in  Northern  India  and  the  Natives  of  India 
are  familiar  with  the  kind  of  ant    which  should   be  bi ought  in.     The 

Poner I ncp  and  Dori/litia'  include  hunting  ants, 

though  one   species  of  Dori/Jus  has  also  the 

termites'  habit  of  attacking   plants  under- 
ground. 

The  life-liistory  is  known  in  a  general 

way  but  not  in  detail  :  the  eggs  are  laid  by 

the  female  and  tended  by  the  workers  in  the 

nest ;  the  larva  is  a  white  helpless  grub 

without  legs,  which  is  fed  by  tlie  workers 

and  is  itself  incapable  of  exertion. »  These 

larvae  and  pupee  are  found  in  galleries  in 

the  nests,  and  one  may  often  see  the  nest  being  moved,  the  little  white 

Fi(5,  )29.-P0LVHHA(HIS'>IM 
IT.KX  KI.O,  NVMPH,  Pl'PAl, 

(■0(  OON.   X  ."l. 
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Westw.,  attacks  plants,  eating  them  below  or  at  the  level  of  the  soil. 
The  workers  have  been  observed  to  attack  the  workers  of  Pheidole  indica 

and  carry  them  off  to  their  nest,  wheie  they  were  killed  and  cut  into 

pieces  The  males  come  to  light  and  they  are  common  towards  the  end 

of  the  cold  weather  in  late  February.  Mmctm  is  a  hunting  ant.  (Jo. 

Bo.  Nat.  Hist.  Soc,  VII,  p.  177.) 

Ponermce.—k  constriction  between  the  two  basal  abdominal  seg- 

ments ;  sting  powerful,  exserted. 

Lobopelta  is  said  to  make  a  sound  ;  it  feeds  on  termites.  Rothney 

remarks  of  L.  dimmijta,  Km.,  that  it  marches  in  two  long  lines  in  files 

of  two.  Diacammii  vaii(mt>,  Sm.,  was  found  to  be  common  at  Barrack- 

pore  by  Rothney,  nesting  undei-  stones  or  brick-work ;  the  sting  is  said 

to  be  "pungent."  (i.  R.  Dutt  has  observed  it  nesting  in  soft  soil  at 
the  base  of  a  big  tree  in  Pusa  ;  outside  the  nest  were  several  heads  of 

workers  of  Campnnotui,  cnmpressvu. 

Myrmicincp. — The  pedicel  two-jointed  in  all  the  forms.  Pupse  not 
m  cocoons. 

Myrmirarid  nests  at  the  foot  of  trees  with  a  kind  of  embankment 

round  it.    Cn-mastoqaster  is  a  tiee  ant,  making  globular  uests  of  papery 

Fig.  ISZ.— Ckbmastohastkk  dohkm;  nfmt  and  wukkkk   |i.m.n.J 
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material,  or  nesting  in  hollows  in  trunks  or  branches  ;  nests  were  found  in 
Mantid  egg  cases,  the  eggs  having  been  partly  removed.  It  has  a  habit 
of  turning  up  its  abdomen  over  the  body  as  if  threatening  to  use  its 

sting.  It  bites  freely  and  is  stated  to  keep  "  ant  cattle.' '  Mommonum 
destructor,  .Terd.,  and  M.  pharaonis,  Linn.,  hke  some  later  species,  are 
widespread  over  the  tropics  and  have  probably  been  cariied  by 
shipping.  M.  indicum,  Forel,  is  not  uncommon  in  buildings  in  the  rains, 
nesting  in  cracks  in  the  masonry.  M.  (iracillimum,  Sm.,  is  found 
in  houses  in  thatched  huts  and  on  trees.  A  nest  was  found  in  the 

excavated  pith  of  a  dry  stalk  of  Saim  Hemp  in  the  wall  of  a  thatched 

hut;  they  have  a  very  painful  sting  and  are  a  decided  nuisance  in 

houses.  They  attend  mealy  bugs  on  plants  and  also  carry  off  flour, 

fat,  etc.,  from  store  rooms.  Holvnmyrtfwx  scabnccpis,  Mayr.,  is  the 

familiar  harvesting  ant  of  the  Punjab,  which  gathers  seeds  of  grass 

and  millets  into  its  nests  and  stores  them  in  galleries.  The  nest  is 

easy  to  find  as  there  is  a  ring  of  chaff  round  it  at  a  little  distance  and 

the  ant's  roads  can  be  followed  to  the  nest  from  some  distance. 

('om])aratively  lai'ge  quantities  of  seed  can  be  extracted  fj'om  a  nest 
and,  in  times  of  scarcity,  this  grain  is  dug  out  of  the  nest  and  used  as 

food.     We  have  seen  a  pint  of  seed  taken  out  of  one  nest  . 

Solenopsis  geminata,  Fabr.,  is  the  brown  ant  of  India,  nesting  usually 

in  the  ground.  Phidole  rhotnbinoda,  Mayr.,  is  stated  by  Rothney  to 
surround  its  nest  with  the  leaflet  of  a  mimosa,  as  a  protection  against 

the  sun.  Sima  rufo-niyra,  Jerd.,  is  very  common  in  India,  nesting  in 

trees.  The  sting  of  the  female  is,  according  to  Jtothney,  ' '  the  most 

painful  of  any  Aculeate  1  am  acquainted  with."  This  virulent  insect 
appears  in  May.  Ne^ts  have  been  found  also  in  hollows  in  bamboos 
with  neat  round  exit  holes  at  intervals.  Sitna  alloborans,  Web.,  nests 

in  young  shoots  of  bamboos  and  in  tree  trunks ;  when  disturbed,  the  ants 

discharge  a  drop  of  white  licjuid. 

CrtiawiacMS  includes  sluggish  ants  of  a  jet  black  colour;  C.  taprobana, 

Sm.,  nests  in  hollow  bamboos  and  ('.  lotus,  For.,  in  the  branches  of 
teak  and  siris  trees. 

DolichoderincB.—Tapinoma  melanocephalum,  Fabr.,  has  once  been 

found  to  be  injurious  under  peculiar  circumstances.  The  workers  were 

found  in  large  numbers  in  small  temporary  chambers  at  the  base  of  young 
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tur  plants  (Cajanus  iiidicus)  grown  for  inoculation  with  wilt  in  a  special 

plot;  tliese  plants  they  ate  into  just  below  the  soil  level,  eating  right  into 

the  stem  and  through  to  the  bark  till  the  plant  fell  over,  cut  completely 

ofl ;  as  much  as  half  an  inch  of  stem  would  be  completely  eaten  and  the 

object  apparently  was,  not  the  removal  of  the  plant  but  the  actual  soft 
stem  for  food.  Plants  that  had  been  inoculated  were  most  attacked,  and 

it  is  possible  that  the  tissues  were  specially  attractive  on  that  account. 

As  a  rule,  this  ant  feeds  on  anything  sweet  and  visits  Aphides  andCoccids 

constantly.    The  nests  are  undei'ground,  very  deep  and  populous. 

Iridnmifrtm-x  anccjm,  Rog.,  nests  in  sandy  soil  near  plants  infested 
with  aphids,  and  tliere  are  regular  tracks  to  these  plants ;  the  nests  are 

deep  and  several  minor  ones  are  often  connected  to  a  larger  central  one, 

the  workers  freely  entering  all.  The  eggs  and  larva- were  found  abun- 
dantly in  February  at  a  depth  of  one  inch,  sparingly  in  July  at  a  depth 

of  nearly  a  foot.  The  workers  emit  an  unpleasant  odour ;  they  visit 

aphids,  coccids,  membracids,  etc.,  the  glands  of  CaKniu  vrientaUs,  and 

also  carry  off  dead  insects. 

Campomtinw. —  Pedicel  with  one  joint.  No  definite  stuig,  the  poison 
being  ejected  from  the  orifice  at  the  apex  of  the  abdomen.  Oeropfi//lla 

stnarrujdina  is  the  familial'  red  tree 
ant  of  India,  which  makes  large 

nests  in  trees,  often  enclosing  mealy 

bugs  in  a  covering  of  webbed  leaves. 

The  green  females  are  found  yearly 

in  J  une  starting  fresh  nests  on  plants, 

and  these  nests  can  be  easily  obser- 
ved from  the  (iommencement.  The 

workers  are  very  active  and  fierce, 

collecting  all  manner  of  dead  insects 

and  even  living  ones  if  these  are  in- 
active ;  caterpillars  are  attacked,  cut 

up  and  carried  off  to  the  nest  in 

pieces.  A  colony  will  have  many 

small  depots  on  one  tree,  each  con- 
sisting of  a  number  of  leaves  webbed 

together  and  containing  a  colony  of 

Vig.  133.— Obcophylla  smakaodina 
WORKtiK. 
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Coccids  or  a  store  i»f  dead  dry  insects.  If  one  is  t)pene(l  and  })atiently 

watched,  it  will  be  seen  that  the  workers  draw  the  leaves  toj^ether  by 

their  mandibles  and  legs,  while  others,  from  inside,  wel)  them  together 

with  silk  produced  from  a  larva  held  in  the  jaws.  This  is  a  really 

extraordinary  sight   and    may  be  seen  at  any  time. 

Acardholepin  frauenfeldi,  Mayr.,  var  hi  partita  nest  in  soil  at  the  foot 

of  ti'ees,  or  in  hollows  in  masonry.  They  visit  Aphids  and  Coccids,  and 
also  collect  dead  insects.  Prenolepis  lomjironiis,  Latr.,  is  widespread  in 

the  tropics;  the  nests  are  under  fallen  leaves  or  in  decaying  tree  trunks 

and  contain  Paunsida'. 

Pol ijrli whin  sinipU'jc,  Mayr.  -Nests  ol  this  species  are  found  on  low 

bushes,  high  trees,  rmder  bamboo  sheaths,  and  on  sugar-cane  leaves. 

Fig.   134.— WEBBINO  of  OKCOPHYLDA  SMAKA(JI>INA   on   I'IPAL  f«H((f)1 
ENOLOSINC.   LEUANIUM  HBfePBBlUUM. 
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stored  with  the  wings  and  bodies  of  winged  teimites  which  they  collect  m 

great  quantity;  the  worker- majors  carry  the  worker-minors  when  on 
the  march. 

Camponotus  compressus,  Fabr.,  is  the  familiar  black  ant  of  India,  the 

lai'ge  worker-majois  coming  into  houses  Nests  are  usually  in  the  soil 
at  the  foot  of  a  tree  but  occasionally  in  a  wall.  They  visit  Aphides, 

Membracids  and  Coccids  and  also  feed  fieely  upon  termites  if  a  nest  or 

gallery  is  exposed.  The  winged  sexual  individuals  fly  at  dusk  on  warm 

still  evenings  in  the  rains  and  aie  ficquentiy  to  be  seen  at  light. 

Fig    U").    Ow  oi'iiyri-A  smaraodina  :  vukkn  wati  hin(.  ovbu  vahs  i  , 
WHBN  COMMBNtlNCi  TO  fOUND  A   Nhtt    NKhT. 
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The  nest  is  always  constructed  in  such  a  way  as  cannot  be  easily  discover- 

ed by  a  casual  eye.  A  greater  portion  of  it  is  covered  over  by  leaves  and 

the  portion  open  to  view  is  not  easily  recognisable.  It  looks  from  a  dis- 

tance as  if  it  weie  made  of  clay  and  cowdung,  mixed  with  dry  pieces  of 

leaves,  straw  and  grass.  In  reality  it  is  a  brown  silky  cobwebby  mat- 

erial, over  which  are  thickly  and  closely  laid  dry  pieces  of  leaves,  straw, 

etc.  Just  as  Oecophylla  smaroAjdina,  F.,  workers  make  use  of  salivary 

threads  secreted  by  their  larvaun  folding  the  edges  of  leaves  together, 

so  do  the  woi'kers  of  this  species.  They  catch  hold  of  the  larva'  between 

the  mandibles  and  carry  them  over  to  the  places  whei'e  the  web  is  requir- 

ed to  be  spread.  The  larva'  go  on  laying  and  stretching  threads  mechan- 
ically, as  wanted.  Other  workers  bring  dry  pieces  of  straw  and  spread 

tliem  over  the  web  while  it  is  still  fresh.  When  a  nest  is  cut  open  from 

any  part,  a  few  of  the  workers  at  once  rush  up  to  the  spot  and  plant  them- 

selves as  sentinels  to  guard  the  breach,  while  others  remove  larvae  and 

pupse  or  whatever  there  be  in  that  portion  of  the  nest,  to  a  secure  place. 

After  the  chamber  opened  to  view  is  cleared  of  what  it  contained,  the 

workers  hold  the  tora  portions  between  their  mandibles  and  pull  inwards. 

Thus  the  aperture  is  made  as  narrow  as  possible,  and  then  a  couple  of 

larva-  are  brought  and  the  web  is  drawn  across  the  rent  in  the  usual 

way.  The  whole  inside  of  the  nest  is  lined  with  the  brown  silky  cob- 

webby material,  and  the  partitions  between  different  chambers  are  also 

made  of  this  material,  but  without  straw,  etc. 

Ants  t)f  this  species  also  tend  cattle  for  whose  protection  they  pre- 

pare byres  of  the  same  cobwebby  material  and  covered  also  in  a  similar 

manner  as  their  nest.  8uch  byres  were  found  on  a  sugar-cane  leaf,  and 
also  on  a  weed,  close  to  established  nests  of  this  species.  Workers  were 

seen  going  in  and  coming  out  of  those  cattle  sheds.  On  removing  the 

covering  large  clusters  of  sugar-cane,  aphis  were  found  in  the  former  and 

Monophlebus  in  the  latter  shed.  Workers  of  this  species  have  also  been 

observed  carrying  a  large  dead  fly  to  their  nest.  Pupse  are  encased  in 

light  brown  cocoons.  The  winged  sexes  were  obtained  from  nests  in 

August  and  September. 

Myrmecocystus  setipes,  Forel,  nests  in  the  ground  in  open  places, 

and  there  is  often  a  heap  of  soil  thrown  outside  the  nest.  The  work- 

ers collect   dead   insects  and  millipedes,   and  nests   have  been  found 



COLEOPTERA.— (Beetles). 
The  first  pair  of  wings  (elytra)  thickened,  accurateiy  adapted  to  the  body 

and  completely  covering  the  lower  wings,  which  fold  longitudinally 
and  transversely  In  repose.  Many  species  are  wingless,  and  In  many 
the  elytra  are  abbreviated,  not  covering  the  abdomen.  Mouthparts 
of  the  predaoeous  or  herbivorous  biting  type.  Antennas  of  varied 
forms  never  setaceous,  usually  eleven-Jointed.  Simple  eyes  usually 
absent  The  integument  is  hard  ;  the  parts  accurately  co-adapted  to 
form  a  rigid  outer  skeleton. 

Metamorphosis  complex  ;  the  larva  a  grub  with  complete  or  reduced  legs, 
without  suokerfeet  and  without  tubercles  bearing  hairs  Silk  is  not 
utilised  in  the  formation  of  the  cocoon,  but  anal  secretion  takes  its 
place;  after  emergence  from  the  cocoon  the  imago  usually  passes 
through  a  resting  period  during  which  the  integument  hardens. 

The  order  includes  minute  to  large  Insects,  ot  varied  habits,  including 
herbivores,  predators,  scavengers,  both  aquatic  and  terrestrial,  with 
no  social  and  scarcely  any  parasitic  forms. 

No  order  is  so  easy  to  recognise  as  this,  and  only  in  lare  cases,  where 

the  elytra  are  much  reduced  or  are  soldeied  togethei,  will  a  beetle  appear 

different.  Looking  at  a  beetle  from  above,  the  antenna',  the  large  pro- 
thorax,  the  scutellum,  the  elytra  and  the  pygidium  (plate  over  the  anus) 

are  seen,  except  where  the  last  is  covered  by  the  elytra.  The  large  wings 

are  folded  below  the  elytra.  Looking  from  below,  the  antenna^  can  be  seen, 
inserted  below  the  head,  the  large  mandibles  and  the  labium,  with  usually 

two  pairs  of  palpi ;  the  legs,  with  the  coxa  embedded  in  the  sternum,  the 

trochanter,  femur,  tibia,  taj'sus.  The  anteima'  assume  different  forms 
as  shown  in  figure  137;  in  1,  the  basal  joint  is  elongate  and  forms  a  scape, 

the  apical  three  joints  form  a  club  and  the  remainder  form  a  funicle, 

the  whole  anteima  being  elbowed  {Rk ipichophor a) ;  in  2,  the  antenna 

is  simple,  filiform  (Phytophaga) ;  in  'i,  it  is  moniliform,  each  seg- 
ment a  little  expanded  {CantJmridce)  ;  in  4,  it  is  serrate  on  one  side 

(Sternoxi) ;  in  5,  it  is  clubbed,  the  three  apical  segments  expanded  on  both 

sides  {Clavicornia) ;  in  6,  it  is  filiform  (Adephaga);  in  7,  it  is  clubbed, 

the  club  formed  of  leaflets  closely  folded  together  (Mehlonthidm) ;  in  8, 
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it  is  irregularly  dvhhcd  (H ydrophiNdce) ;  in  9,  it  is  incompletely  clubbed, 
with  the  leaflets  not  forming  a  compact  mass  (Lucanidce). 

'hil 

Klg.    135.— LLH'ANUi   BJSETLB,  MAJ.E,   IlOHhAL  \ltW.  Mil.,   M.tNI>IBLe  ;  J'KOTH. 

I-KOTIIORAX  ;  SCl'T.,  KCl'TELLl'M  ;  ELYT.,   ELVTKON  ;  I'VO.,    rYOIMCM. 

The  tarsi  are  composed  of  five  joints  in  some  forms,  of  four  or  three 

in  others ;  in  one  division  (Hetcrowera)  the  tarsi  of  the  first  two  j)airs  of 

legs  are  five-jointed,  of  the  third  j)air,  four-jointed.  In  the  Phylophcuja 

the  tarsi  appear  to  be  four-jointed,  the  tiny  fourth  jouit  being  invisible 
at  the  base  of  the  fifth. 

There  are  characteristic  features  in  the  immature  stages  which  mark 

the  group  as  a  whole.  Eggs  are  of  two  types,  the  soft  oval  eggs  laid  in 

concealment,  the  harder  variously-shaped  eggs  laid  openly.  The  latter 
are  not  ornamented  as  are  those  of  the  Lepidopiera,  are  not  of  the  foim 

characteristic  of  Hemiptera  with  lids,  noi  of  the  typical  Dipterous  cigar- 

shaped  form.  The  larva;  are  without  suckerfeet,  and  if  free-living, 

frequently  have  the  single  anal  tube,  which  functions  as  a  suckerfoot,  as 
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well  as  two  dorsal  cerci  or  processes.  The  hairs  or  hair-tufts  on  tubercles 
arranged  as  in  Lepidoptera  are  not  found  in  this  order,  and  larvse,  if 

hairy,  have  long  tufts  not  arranged  in  series.  No  larval  form  can  be  con- 
fused with  the  Coleopterous  larvsp  which  Uve  free  lives,  the  characters  of 

Neuropterous,  Hymenopterous,  Lepidopterous  "r  Dipterous  larva?  be- 
ing wholly  different. 

).in.-i 
-ii.l. 

FiR.  136.— Lrt'ANirt  BRKTI/f. ;  rUMALK,  FlUtM    BELOW.  ANT.,  AKTKNNA  ;  Ml>., 
MANl  IBLB  ;  t,B.,   LABIUM  ;  E.,   EYK  ;  C.  1.,  (',  2.,  U.  3.,  COXA  OF  tEOB  ; 

T.,  TUOUHANTKK  ;   F.,   FEMUR,  TI.,   TIBIA  ;  TA.,  TARSUS. 

There  are  a  few  prominent  points  about  Coleopterous  larvse  that  we 

may  notice  here.  The  tarsi  are  two-clawed  in  the  Adephaga  only  (except- 

ing HahplidcB  from  these).  Anal  cerci  occur  only  in  Haliplidw,  Hydrophil- 
idcr,  Silphida,  Scaphidiidcp,  StaphyUnidm,  Histeridm  and  Elateridw  in 

part,  as  well  as  in  the  Adephaga.  If  we  except  the  above,  the  larvae  of 
all  have  legs  except  Bruchidw,  part  of  CerambycidcB  and  Buprestidw. 

Omitting  all  the  "above,  the  Scarabseoid  (white,  curved,  wrinkled)  grub 
occurs  only  in  ScarabwidcB,  Melolonthidm,  Lucanidce,  Passalida,  Ptinidee, 

Bostrichidce  and  part  of  Chrysomelidw  {e.g.  Clythrmw).  In  the  DermeS' 

tidcB,  the  body  is  clothed  in  long  fine  barbed  setae,  usually  aggregated 
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behind  into  tufts.  All  aquatic  larva-  coming  into  none  of  the  above 
divisions  are  either  Dascillida,  Parmdce,  Hnliflidw  or  Chrysomelidcf 

(part).  In  a  number  of  families  not  included  above,  the  apex  of  the 

abdomen  is  provided  with  prominent  chitinised  processes  and  the 

apical  segment  is  harder  than   the  others.     These  include  Rhificeridw, 

fig.  137.— Antbnn.I';,  1  Cdkcuuonid,  2  Chrysombud, 
3  Cat«thabii>,  4  Elatkrh>,  .5  Epilachnid,  6  Ci- 
OINDBLID,     7    MELOLONTHIU,    H    HY  DBOVHILII),     9 
LUCANID. 

Troyosifidce,  ColydiidcB,  MyrHophayida,  Melyrina;  Vleridw,  Mvhndryida' 

Pyrochroidw,  MordeUidcp,  Tenebrionidcn  (pajt),  Vioido',  Lmjmdw  and 

EhteridcB  (part).  The  remainder  exhibit  none  of  the  above  general 

characters.  More  detailed  characters  for  ea(!h  family  are  given  below, 

but  these  are  based  less  on  Indian  s})ecies  than  on  European  or 

American  larva-.  The  number  of  larvup  of  Indian  beetles  actually 
known  is  very  small. 

Pupation  takes  place  openly  (the  pupa  fixed  at  the  tail),  or  in  a 

cocoon  of  mud,  of  anal  excretion  or  of  fibies,  never  of  fine  woven  silk.  The 

peculiar  resting  stage  of  the  newly  emerged  imago,  while  not  universal, 

is  general  enough  in  forms  whose  pupa-  are  hidden  as  to  be  worth  noting. 

Classification. — The  beetles  are  divided  into  series  upon  characters 

based  upon  the  antennae  and  tarsus  as  follows  — 

LametUcornia. — Tarsi  five-jointed ;  antennsp  with  apical  joints 

expanded  in  leaf-like  form  and  forming  a  club  which  can  be  opened  and 

closed  (figure  137,  7,  9).    Four  families. 

Adephaga. — Tarsi  five-jointed.    Antennae  simple.    Nine  families. 

Polymorpha.—T&TBi  variable  ;  antenna-  usually  clubbed  or  serrate. 
57  families. 
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Heteromera. — Anterior  tarsi  with  five,  hind  tarsi  with  four  joints. 
15  families. 

Phiftophaga. — Tarsi  with  apparently  four  joints,  densely  pubescent . 
3  families. 

Rhi/nchophora. — Tarsi  as  in  Phytophaga,  head  more  or  less  prolong- 
ed into  a  rostrum.    4  families. 

In  actual  practice,  it  is,  as  a  rule,  easy  to  place  a  beetle  in  one  of  these 

series.  The  peculiar  antenmr  marks  the  LameUirornia  instantly.  The 

tarsi  and  simjjlc  antenna>  distinguish  the  Adephaqa.  Heteromera 
are  distinct  by  the  tarsi  ;  as  Phi/tophaga  and  Rhifnchophora  have  the  same 

tarsi  in  most  cases,  the  beginner  will  confuse  some  forms  ;  but  the  simple 

antenna'  of  the  Phytophaqa ,  and  the  usually  clubbed  and  elbowed  antennae, 
as  well  as  the  usually  evident  rostrum,  of  the  Rhynchophora,  clearly  mark 

all  the  comm(m  species  of  each  series  likely  to  be  met  with.  All  othei 

beetles,  especially  if  with  serrate  oi  clavate  antennae,  are  Poh/morpha, 

a  series  that  mcludes  the  old  Serricom  and  Clavicorn  groups,  and  in  fact 

is  an  assemblage  of  all  that  aie  not  rleaily  of  one  of  the  five  distinct 
series. 

The  classification  of  the  s^»ecies  that  fall  into  each  series  is  by  no 
means  simple  and  no  agreement  will  be  reached  until  more  is  known  oi 

tropical  forms.  Especially  is  it  difficult  to  fix  the  families  and  the 

student  will  find  very  divei-se  views  expressed  in  various  books.  We  treat 
Meloloiithidap  as  a  single  family ;  there  is  little  reason  why  it  should  not 

be  regarded  as  consisting  of  several  families.  Chrysomehdce  are  anothei 

large  assemblage  that  could  justly  be  regaided  as  at  least  11  and  more 

probably  15  families,  as  is  done  by  some  authors.  We  have  preferred 

to  retain  these  as  sub-families,  but  the  student  will  have  no  difficulty  in 
finding  the  equivalents  of  any  families  he  may  see  discussed  by  writers. 

When  a  particular  specimen  has  been  placed  in  its  series,  there  may 

be  more  or  less  difficulty  in  deciding  on  its  family.  Theie  should  be  no 

difficulty  in  the  Lamellicorn,  Adephagous,  Phytophagous,  or  Rhyncho- 

phorous  series,  provided  the  characters  mentioned  are  compared.  For 

the  other  series,  no  keys  or  sufficient  characters  can  be  given.  Except- 

ing the  few  larger  families,  very  little  is  known  of  the  smaller  families, 

and  while  it  is  possible  to  give  characters  based  on  European  or  American 

species,  these  distinctions  may  not  always  apply  to  new  and  undesoribed 
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Indian  species,  which  alone  the  student  is  likely  to  find.  We  enumerate 

the  diagnostic  characters  of  the  families  known  in  India,  with  the  resei'- 

vation  that  these  diagnostic  characters  are  not  as  sharply  marked  as  in 

other  orders  and  that,  outside  the  larger  families,  the  logical  use  of  these 

characters  in  refeiring  an  obscure  beetle  to  its  family  may  lead  the 

student  astray;  if  a  beetle  is  shown  to  behmgto  a  small  obscure  family,  the 

specimen  should  beeompared  with  specimens  ot'  good  figures  of  others  of 
that  family  to  verify  the  determination.  In  Coieoptera  more  than  in  all 

orders,  it  is  very  difficult  to  place  specimens  that  evidently  do  not  belong 

to  the  larger  families,  owing  to  our  ignorance  of  the  Indian  representa- 
tives of  the  smaller  families. 

In  no  order  is  the  mere  I'udimentaiy  sorting  out  of  sjjecies  into 

groups  rendei'ed  so  difficult  as  in  this,  not  merely  because  of  the  com- 
))lexity  of  the  order,  but  because  of  the  want  of  agreement  among  thowe 

who  study  this  order.  Had  the  general  body  of  Entomologists  any 

"business  sense,"  a  working  scheme  of  classification  to  last,  say  for  .^)() 
years,  would  have  been  evolved  and  then  the  necessary  and  ladical  changes 

caused  by  further  knowledge  made  at  once ;  as  it  is,  two  authors  disagi'ee 
in  a  striking  manner;  they  adopt  fresh  groupings  arbitrarily  and  the 

student  is  from  the  commencement  bewildered  with  conflicting  teims. 

Kor  GUI'  purpose,  a  knowledge  of  the  main  lines  to  be  adopted  in  the 

Faui\a  would  have  sufficed,  but  failing  this,  we  have  adhered  to  the  classi- 

fication given  in  Sbai7)'s  Insects,  the  standaid  in  our  work  for  the  past, 

with  a  modification  from  Oanglbauer's  views  as  presenting  no  radical 

(jhanges  and  as  possibly  anticipating  future  views.  The  earlier  authors 

based  the  main  divisions  upon  the  antennal  and  tarsal  characters 

and  it  is  onl>  lately  that  authors  have  gone  deeper  into  the  matter 

and  used  both  the  wing  venation  and  internal  characters.  This  is.  from 

the  systematist's  point  of  view,  an  advance,  and  those  who  wish  to  study 

the  re.lationships  of  beetles,  will  do  well  to  consult  the  papei'  by  Gangl- 
bauer  (Munchener  Koleopterologische  Zeitung,  Vol.1);  unfortunately 

such  characters  are  useless  in  every-day  work  of  classifying  and  arrang- 
ing specimens  and  we  have  been  compelled  to  disregard  this  aspect  in  the 

endeavour  to  give  characters  which  can  actually  be  used  in  sorting  out 

ordinary  collections.  The  result  is,  that  while  nine-tenths  of  a  collector's 
captures  will  be  readily  sorted  and  placed,  there  will  always  remain  a 
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proportion  which  cannot  be  so  placed ;  to  those  who  wish  to  go  more  deeply 
into  the  subject,  we  recommend  the  voluminous  literature ;  to  those  who 

simply  want  to  know  where  to  place  the  specimen,  we  would  suggest 
sending  it  to  Pusa.  For  ordinary  daily  working  purposes,  almost  every 
beetle  can  be  placed  at  sight  in  a  family  at  least ;  to  keep  pace  with  changes 
in  classification,  to  be  able  to  place  all  beetles  more  or  less  accurately, 

one  would  have  to  drop  all  other  work  and  become  an  expert  in  this  one 

subject,  a  matter  of  many  years  of  study.  We  have  tried  to  give  the 

essentials  only  of  such  a  study. 

A  complete  list  of  families  will  be  found  at  the  commencement  of 

the  volume  where  we  have  placed  important  families  in  heavy  type,  and 
famihes  not  known  to  be  represented  in  India  in  italics.  We  have  not 

tabulated  sub-families  in  this  list  as  these  divisions  do  not  imply  groups 
of  insects  so  distinct  in  habits  or  structure  that  the  student  should 
take  heed  of  them. 

Apart  from  the  naturalists  who  collected  in  India  or  obtained  speci- 
mens from  this  country  in  the  early  part  of  last  century,  and  whose  work 

laid  thj  foundation  of  our  knowledge  of  the  common  species,  the  work  of 
a  limited  number  of  collectors  in  recent  years  requires  notice.  Thus, 

Father  Cardon  collected  in  Chota  Nagpur  and  Kurseong  (see  Ann.  Soc. 

Ent.  Beige.,  181K>— 1894);  the  collections  of  Messrs.  T.  R.  Bell  m  Canara, 
of  H.  E.  and  H.  L.  Andrewes  in  the  Nilgiris,  Anamalais  and  other  South 

Indian  hill  districts  (loc.  cit.,  1895 — 1905),  of  Doherty  in  Manipur,  Bur- 
mah,  etc.,  the  visit  to  India  of  Mons.  Maindron  (see  Ann.  Soc.  Ent.  Fr., 

1903  onwards)  and  the  visit  of  Mons.  Harmand  to  Darjeeling  (Ann.  Soc. 
Ent.  France,  1903,  p.  108)  have  borne  fruit  in  desoription  of  new  forms,  in 
lists  of  existing  known  species  and  so  on ;  these  collections,  however, 

scarcely  affect  the  real  India  (Mons.  Maindron's  visit  alone  excepted), 
since  the  insects  collected  were  from  hill  localities  like  Darjeeling  with  its 

temperate  climate  and  fauna;  the  same  may  be  said  of  Signor  Fea's  visit 
to  Burmah  in  another  sense  (Ann.  Mus.  Genova,  1892  et  seq.)  and  of  the 
visits  of  Mr.  Lewis,  Mons.  Simon  and  Dr.  Horn  to  Ceylon.  The  student 

of  the  fauna  of  "  British  India"  will  owe  a  debt  to  these  workers,  but 
there  have  been  scarcely  any  such  workers  in  India  proper. 

We  have  endeavoured  to  refer  to  most  important  papers  or  to  give 
8<m\e  clue  to  where  the  student  may  find  literature  ;  but  this  literature 
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iB  practically  wholly  conoemed  with  systematic  work  and  descriptions  of 

new  species  ;the  student  willlook  in  vain  for  any  biological  work,  of  any 

kind  almost,  pi'ior  to  the  beginning  of  this  century  and  it  is  yet  to  be 
done.  There  is  an  abundant  field  here  for  observers  and,  it  is  no  exag- 

geration to  say,  that  while  thousands  of  forms  have  been  examined, 

described,  named,  listed  and  put  away  in  Museums,  we  have  accurate 

data  of  the  lives  of  not  one  in  a  thousand  of  these  species. 

We  have  had,  therefore,  to  confine  ourselves  in  these  pages  very  large- 

ly to  generalities,  and  we  do  this  simply  to  guide  the  student  and  would- 

be  observer  in  the  direction  he  will  probably  have  to  go.  Where  we  have 

accurate  data,  they  arc  given  in  such  detail  as  is  possible,  which  must 

of  necessity  be  brief. 

Lamellicornja. 

77/p  tarsi  are  five-jointed,  the  antenncn  have  the  npieal  jointx  dihtted  at  one 
aide,  so  that  a  mnre  or  {■ess  compart  rluh  can  he  formed  hy  the  approxi- 

mation of  the  lamAlar  expansions. 

Tt  is  only  in  very  rare  cases  that  any  confusion  as  to  this  well  mark- 

ed division  caai  arise  and  these  beetles  are  readily  distinguishable  at  sight. 

The  number  of  species  is  large,  nearly  one-tenth  of  the  known  species  of 

Indian  beetles  coming  into  this  series.  They  aie  commonly  divided  into 
three  families,  Passalidw,  Lucanidce  and  Scarabcpidcp,  the  last  divided 

into  five  sub-families.  It  is,  however,  better  to  distinguish  the  Copnnw 

as  a  separate  family,  and  we  have  here  adopted  the  arrangement  into 

four  families,  retaining  the  name  Scarniiwidce,  for  the  Coprinw.  The 

arrangement  is  as  follows  : — 

[.  PassalidcB. — Antennal    club    imj)erfect.     Elytra    covering  the 

pygidium.     Labrum  large  aad  mobile. 

II.  Lueanidw. — Antennal   club   imperfect.     Elytra  covering  the 
abdomen.    Labrum  small  and  indistinct. 

III.  <Scord!)<yirfcE.— Antennae  fully  clubbed.     Elytra  not  covering 

the  pygidium. 

1.  CoprincB  {ScarabwidcB). — No  abdominal  spiracle    visible  out- 

side the  elytra,  all  being  on  the  connecting  membranes  of  dor- 

sal and  ventral  plates,  in  one  line. 
IIL  16 
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JV.   {Melolonthidcp)  2.    Melolonthinm.— Three  basal  spiracles  on 
connecting  membranes,  three  apical  slightly   diverging  and 
usually  one  visible  beyond  the  elytra. 

3.  Spiracles  in  two  lines,  three  on  connecting  membranes,  three 
visible  outside  the  elytra,  on  ventral  plates. 

(a)  Rutelifxe. — Claws  of  tarsi  of  unequal  size. 

(6)  DynastincF. — Claws  equal.    Fore  coxse  sunk,  not    prom- 
inent. 

(c)  Cetonhncp. — Claws  equal.    Fore  coxa?  prominent.     (Sou- 
tellum  large). 

This  airangement  is  in  acpordance  with  the  larval  and  imaginal 

habits  as  well  as  with  the  structure.  The  habits  may  be  summarised 

as  follows  :— 

Pasnalidcp,  Liiranidap. — Larvae  feed  in  decaying  wood. 

Sraraha"idcB. — Larva*  feed  in  dung.    Imagines  feed  on  dung. 

Melohnfhidcp. — Larva*  in  soil  feeding  on  the  roots  of  plants,  in 

decomposing  vegetable  matter,  in  manure  heaps,  in  ants'  nests 
imagines  feed  on  leaves,  or  on  flowers. 

In  this  group  the  larva"  are  all  white,  soft,  cui-ved  in  ventrally, 
and  much  wrinkled,  with  a  brown  head,  no  ocelli  as  a  rule,  three  pairs  of 

well-developed  legs  and  usually  a  much  developed  apical  abdominal  seg- 
ment. This  type  of  larva  (Rcarabseoid)  is  found  also  only  in  Ptimdce, 

and  some  case-bearing  ChrifsomeMdm  (Ch/thrinm). 

PASSALIDiE. 

Lamellicorn  beetles  in  which  the  antennae,  in  repose,  curl  to  bring 
the  lamelloB  together  and  in  which  the  eli/tra  entirely  cover 

the  abdomen.    Labrum  large  and  mobile. 

These  beetles  are,  as  a  rule,  generally  recognisable  from  the  general 

form.  They  arc  brown  or  black  insects,  in  length  up  to  one  inch,  pro- 
thorax  large,  flattened  and  shiny,  the  elytra  elongate,  with  ten  lines  of 

punctures,  and  entirely  covering»the  abdomen.  A  few  Indian  species  are 

cylindrical.  All  are  a  shining  brown  or  black,  the  dorsal  surface  glab- 
rous ;  none  are  very  small,  most  are  of  moderate  to  large  size.    The  head 
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These  beetles  are  somewhat  flattened,  the  head  large,  the  antenna' 

moderately  long  ;  in  the  commonest  species  the  eyes  are  divided  by  a 

Fijf.    139.-  LlIC'ANUS  LUNIFRR,   tlAhK.     [I.  M.  N.l 

projecting  ridge,  producing  a  small  upper  and  a  large  lower  eye.  The 
prothorax  is  large  and  smooth,  the  elytra  is  smooth  and  shining.  The 

legs  are  long,  the  tibise  broadened,  the  tarsi  long  and  conspicuous. 

The  beetles  live  in  decajnng  trees  and  the  males  fly  at  night.  The 
function  of  the  very  large  mandibles  is  not  always  apparent  and  it  is 
not  clear  that  they  use  them ;  there  is  great  variation  in  the  degree  of 
their  development  and  intermediates  from  those  resembling  females  to 

those  with  fully  developed  mandibles  are  found.    (See  page  189.) 
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is  in  some  species  distinctly  roughened  and  knobbed  above  ;  tlie  cliarap- 
teristic  antennae  are  folded  back  under  the  head  or  aie  extended  in  front : 

t]ie  large  toothed  mandibles  meet  just  beyond 
the  edge  of  the  cly])eus.  The  legs  are  strong, 
the  fore  ti))isp  broadened  and  suited  to  digging, 

the  posterior  legs  more  slender,  the  tibirt'  with 

Icmg  brown  hairs.  A  feature  of  tliese,  as  of 

other  lamellicorn  beetles  whieh  live  in  decaying 

vegetable  matter,  is  the  presence  of  abundant 
fine  brown  hair  on  the  legs  and  lower  suiiace  of 
the  body. 

Tlu'  larva'  of  insects  of  this  family  are  found 

"        in  decaying  wood  in  forests  and  are  large  fleshy 
KiR.  1SS.-BAMIJAIJUS      insects,    similar   in   form  to    other    Scaraba-id 

larva',  withtne  first  ])air  of  legs  reduced  in  Mze 

and  functioning  as  stridulating  organs.  The  anal  opening  is  transverse, 

the  upi)er  lip  indented  longitudinally.    The  imago  lives  also  in  decay- 
ing  wood,  under  the  bark  of  trees  and    among    decaying  vegetation. 

They    are  most   abundant  in  forests  and  not  found  in   the  cultivated 

plains.  A  caustic  fluid  is  secreted  by  some  species,    serving  probably 

as  a  protection.     They  are  almost  wholly  forest  species  and  may  l)e 

met  with  rarely  in  moister  cultivated  areas  of  East  and    South   India, 

not  in  the  dry  plains. 

Stoliczka  remarks  that  Passalida-  are  met  with  cmly  in  parts  of 

India  with  a  Malayan  fauna ;  he  hsts  liS  Indian  species,  from  South  India, 

Eastern  Bengal,  Burmah,  etc.  BasiUamm  is  the  commonest  genus.  (J. 

Asiat.  Soc.  Bengal,  XXli,  p.  149.) 

LiiCANTRvi!:.—  Htaij  BectJes. 

The  anlennw  do  tiot  curl,  the  club  beiiuj  indistinu-t ;  the  ehjtra  cover 
the  abdomen,  the  labrtim  in  small  and  indistinct. 

Beetles  of  large  size  in  which  the  simplest  distinguishing  character 

is  the  large  mandibles  of  the  males,  which  project  foiward  as  two  large 

and  formidable  jaws.  These  are,  in  the  female,  of  modejate  size  and  not 

conspicuous.  None  are  small  insects,  the  length  varying  from  J^  inches 

to  over  four.  The  colouring  is  brown  and  black,  as  a  lule,  sombn!  and 
dull  as  in  other  beetles  of  similar  habits. 
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Fig     140.— LUOANl'h  I.UN1FKK,   FKMALR. 
LI.  M.  N.l 

The  female  lays  her  eggs  iii  a  decaying  tree,  the  larva'  living  upon  de- 

caying vegetable  matter.    The   larva  is  a  large  fleshy  insect,  distinct 

from  Passalid  larva'  by  the 

equal  development  of  three 

pairs  of  legs  and  the  long- 
itudinal anal  slit,  closed  by 

two  latei'al  lips. 

Lucanidw    are     widely 

spread  and  find  their  gr^'atest 
development  in  the  Eastern 

Himalayas       and      Assam, 

where  a    great  number    of 

species,  often  of   large  size, 

occur.     They  do  not  occur  in 

the  plains  and  no  species  re- 

quire menticm.  We  figure  Lm- 
cnnus  lunifer,  Ho.,  one  of  the 

commonest  in  the  Himalayas.    Westwood  figures  a  number  of  the  Indian 

forms  (Cab.  Or.  Entom  ,  1847).     No  species  arc  of  economic  importance. 

Thomson  (Ann.  Soc.  Ent.  France,  1802,  p.  3i>2)  lists  :{(>  Indian  spe- 

cics  which  are  only  a  proportion  of  the  known  species.     The  principal 

genera   are   Luranun,  HexaHhrim,    Cladognatlius  and   Dorcun.    Pai'iy 

catalogues  the  family  in  Transactions  of  the  Entomological  Society, 

London,  18()4,  pp.  1  -1 1'-i,  listing  70  Indian  species.     Pelsche  published  a 

later  catalogue  in  18'.)8  on  which  Hoilettu's  remarks  should  be  also  seen 

(Ann.    Soc.  Ent.  France,  18<18,  p.  401),  and  since  then  Albers  listed  the 

Kurseong    species    (Aim.  Soc.  Ent.  Belgium,  l!tO:{.  p.  6<)).    Altogether 

about  KK)  species  are  recorded  ;    some  of  these  may  prove  to  be  forms 

of  the  same  species,  the  great  sexual  differences  having  led  to  the  mul- 

tiplication of  species  founded  on  an  insufficient  number  of  specimens. 

ticAnABMWM.— Dung-Rollers. 

AntenncB  with  a  knob  of  dosehj  folded  k'aft,ets.    EUitm  not  vowrmj 

the  'pygidmm.    Spiracks  in  one  line,  on  the  eonnectimj 

membranes  and  all  emered  bij  the  elytra. 

A  large  grou])  of  small  to  large  beetles,  usually  of  sombre  
colours, 

some  few  metallic  blue  or  green.     The  body  is  round,  thickset,  
the  head 
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fFlcf.    141  — HELIOCOIMtlh    BlU  Kl'HAM  S, 
MAI,F.      IK.  M.H.I 

projecting  forward  as  a  flat  plale,  Iteneath  which  are  the  mouth-parts. 

The  prothorax  often  lias  projeetions  and  the  head  a  process  or  spine,  oi'  a 
number  of  teeth  on  the  anterior 

edge.    The  hard  rough  elytia 

cover  the  abdomen  completely. 

with    the    exception    of    the 

pygidiuni.     The  legs  are  lai'gc 

and  })owerful,  tlie  tibia'  bToad- 
eued  and  spiued  at  the  apical 
half,  the  tarsi  slender.  In  the 

larger  species  the  fore  tarsi  are 

commonly  absent.  The  lobust 

sphcjical  body,  the  large  broad- 

ened legs,  the  platelike  head, 

the  spines  or  projections  on 

head  and  prothorax  are  extremely  characteristic,  and  the  bodily 

structuie  is  specially  modified  in  connection  with  the  peculiar  habits. 

Throughout  this  large  sub-family  the  habits  are,  so  far  as  knoAvn, 

fairly  uniform.  The  beetles  collect  in  dung,  feeding  upon  it  and  making 

it  into  balls  which  they  loll  ovei  the  surface  of  the  ground  and  take  into 

the  soil,  where  they  either  feed  upon  it  or  use  it  as  food  for  their  young, 

dividing  it  into  })ortion  >  in  each  of  whic  h  an  egg  is  laid,  and  which  the 

larva  inhabits  and  gradually  eats.  The  flat  head  is  used  as  a  shovel  in 

these  operations,  digging  out  the  food,  shaping  it  and  consolidating  it ; 

the  long  legs  assist  the  beetles  in  rolling  these  pellets  over  the  ground  and 

the  digging  forelegs  aid  in  excavating  or  enlarging  holes  in  the  ground. 

In  the  dry  hot  weather,  dung  of  cattle  attracts  great  numbers  of  these 

beetles  and  the  8]K)t  becomes  lively  almost  at  once  with  these  active  and 

energetic  insects.  It  is  a  ci)mnu)n  sight  to  see  beetles  rolling  these  pel- 

lets, usually  large]  than  themselves,  rapidly  along  the  soil  and  theii 

antics  are  usually  very  grotesque.  All  do  not  roll  dung,  some  (the  small- 

er species)  making  a  tunnel  below  the  mass  of  dung  and  carrying  down 

what  they  require.  The  end  of  the  tunnel  is  filled  with  dung  fairly 

closely  packed ;  the  beetles  either  feed  upon  it,  remaining  over  it  and 

devouring  it  while  a  long  mass  of  excrement  is  deposited,  or  they  lay  an 

egg  in  it,  the  white  footless  grub  feeding  in  the  mass.  April  to  June 

seems  to  be  the  period  of  greatest  activity  of  the  beetles,  but  the  details 
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of  the  life-history  of  few  Indian  species  have  been  observed,  and  niajiy 
forms  fly  in  the  i-ains.  Elsewhere  cai'eful  observations  have  been  made 
and  the  extremely  interesting  accounts  of  M.  Fabre  should  be  read  by 
every  student.  (There  is  an  English  translation  of  M.  Fabre's  first 

volume  entitled  "Insect  Life ;"  the  original  volumes  are  in  French,  under 

the  title  "  Souvenirs  Entomologiques ").  Major  Popham  Young  sent 
a  large  ball  found  eight  feet  below  the  surface  of  the  soil  in  Patiala  wheji 

excavations  were  being  made  for  a  house,  which  was  evidently  the  ball 

containing  the  larva  of  a  large  Copride.  Sykes  gives  an  account  of  the 

finding  of  the  immense  balls  made  by  Helinroprix  utidas  in  Potma  in  the 

soil.  One  ball  remained  thirteen  months  before  the  imago  emerged, 

another  sixteen  months.  During  this  time  the  insect  was  in  the  larval 

and  pupal  stage,  and  the  life-history  would  occupy  probably  two  years. 

(Trans.  Ent.  Soc,  London,  Vol.  I,  p.  1835.)  A  h^w  (Onthopha/jm)  attack- 
decaying  animal  matter  and  these  are  the  little  beetles  which  so  pr«nij)t- 
ly  remove  the  larger  dead  insects  ;  the  disapj)earance  of  dead  locusts  is 

marvellously  quick,  and  the  powers  of  smell  of  these  beetles  must  be 

very  acute  to  bring  them  so  quickly  to  the  scene.  A  few  are  found  in  de- 
cayed trees.    The  larvae  are  never  seen  and  live  below  giound. 

The  members  of  this  family  exercise  a  very  impoitant  functioji  in 

the  economy  of  nature ;  not  only  do  they  cleanse  the  surface  of  the  earth 

of  the  excrementitious  matter  deposited  on  it,  but  they  carry  into  the 

soil  (quantities  of  this  valuable  manure  that  would  otherwise  become  des- 

sicated  on  the  surface  and  with  the  first  heavy  fall  of  rain,  would  be  wash- 

ed away  and  carried  down  in  the  streams  and  rivers  to  the  sea.  A  very 

great  (juantity  of  manurial  matter  is  probably  rendered  available  in  the 

soil  by  the  activities  of  these  insects,  and  though  it  is  not  possible  to 

definitely  estimate  the  effect  of  their  work,  it  is  certainly  a  very  consid- 
erable one.  Species  have  been  imported  to  the  Hawaiian  Islands  in 

the  hope  that,  by  destroying  the  droppings  of  cattle  quickly,  they  may 

reduce  the  numbers  of  the  Homfly  {Hmnatobia  serrata)  which  breeds 
there. 

Sound  is  produced  in  a  variety  of  ways,  by  friction  of  two  parts  of 

the  body.  In  Bolhoceras,  the  male  has  a  corrugated  expansion  of  the 

lower  surface  of  the  head,  and  by  moving  his  head  up  and  down,  he 

rubs  it  against  the  edge  of  the  pronotum.  producing  a  squeaking  noise 
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In  Trox  the  abdomen  rubs  against  a  raised  vein  in  the  elytra.  In  HeUo- 

copris  hucephalus,  sound  is  produced  by  a  rotation  of  the  hind  coxa,  the 

posterior  and  internal  edge  rubbing  against  the  sharp  edge  of  the  socket 

and  producing  a  curious  ' '  wheezing ' '  noise. 

This   large   family   may  be   divided   into    seven    sub-families   as 
follows : — 

I.  Antennae  9  or  10  joints  : — 

A.    Posterior  legs  with  one  spur. 

a.    Posterior  legs  dilated  gradually. 

/;.    Posterioi-  legs  dilated   suddenly. 
J3.  Posterior  legs  with  two  spurs. 

a.  xMetathoracio  parapleura*  simple. 
Antenna;  9  joints. 

Antenna)  10  joints. 

b.  Metathoraoic  parapleuiu-  appendicu- 
late. 

II.  Ant,enna'  11  jointed, 

III.  Abdomen  with  five  ventral  segments. 

IV.  Tarsi  very  long. 

ScardbaeincB. — Four  large  genera  are  included  in  the  Srarahaeini 

( Ateuohin*)  with  over  'M)  Indian  species.  Scarahaeus  (Ateuchus)  includes 
some  of  the  larger  European  forms,  and  but  few  Indian.  S.  gangeticus 

Kedt.  is  the  common  plains  species.  Sisyphus  and  Gymnopleurus  include 

the  common  small  beetles  with  long  legs  found  at  dung  in  the  plains. 

S.  longipes,  Oliv..  is  one  of  the  more  abundant  species,  a  small  black  in- 

sect common  on  roads  in  April ;  it  makes  balls  of  dung  about  twice  its 

own  size ;  usually  two  are  found  at  one  ball,  rolling  it  along  the  soil,  and 

they  have  been  seen  to  take  a  ball  over  a  hundred  yards.  Gymnopleurus 

tniliaria,  Fabr.,  is  also  common  ;  it  is  dull  black  with  shiny  black  spots 

on  the  elytra  and  thorax.  Gymnopleurus  cyaneus,  Fabr.,  is  the  metallic 

blue  species  that  may  constantly  be  observed  rolling  dung  balls.  When 

a  ball  is  made  several  assist  in  rolling  it,  apparently  in  the  hope  of  se- 

curing it ;  the  stronger  individual  appears  to  be  successful  in  the  end, 

1. ScarahaeincB 

(Coprinw.) 
Scarahaeini 

(Ateiicfiini.) 

Coprlni. 

2. 
Aphodiinw. 

.•5. 

OrphnincB. 

4. 
HyhosorincB. 

5. 

Geotrupinw. 

f). 
Troginw. 

7. 
Glaphyrinm. 
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rolling  the  ball  to  a  spot  where  the  soil  is  loose  and  then,  by  digging  the 

earth  away  below  it,  burying  it  to  a  considerable  depth.  Caccohius  in- 

cludes five  species,  one  occurring  in  the  plains  and  of  which  nothing  is 

known.    Coptorhina  and  Caccophihis  occur  in  the  lulls. 

Coprini. — The  majority  of  Indian  species  are  included  in  this  divi- 
sion, over  100  S2)ecics  occurring  in  India  proper.  Catliarsius  tiiolosnun 

Linn.,  C.  smjax,  Quens.,  and  ('.  mhaem,  Fabr.,  are  common,  moderately 
large  black  insects  that  fly  at  night  and  come  freely  to  lights  in  the  rains. 

Copris  is  represented  by  C.  repertus,  Wlk.,  which  flies  in  the  hot  weather 

and  at  the  first  rain.  Helioropris  hiicephalus,  Fabr.,  and  H.  (jliian,  L. 

(midas  F.)  are  the  giants  of  the  family,  large  thickset  beetles  with  very 

powei'ful  legs  and  greatly  ehitinised  prothorax.  Onitiit  is  well  I'ppresent- 
ed,  moderate-sized  beetles,  of  an  olivaceous  brown  tint,  without  tlie  exu- 

berance of  horns  and  tubercles  of  the  previous  geneia.  (hdhoplKKjiin 

comprises  a  very  large  number  of  usually  small  foi-ms  with  very  vaiied 
developments  of  horns  and  tubercles  in  the  males.  They  are  eonnnon 

in  the  dry  hot  weathei'  and  while  some  come  to  dung,  others  feed  on  dead 
insects;  the  abundant  locusts  that  died  after  egg-layingat  Igatpuri  in  June 

Fig.  142.— ()NTHOPH*OUS    UJNdlCORNlS  ;    LAKVA,  E(JfJ  IS  BALL,  IMAOO, 
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]iK)4,  were  fed  on  by  Onthop/u)(jusi/ravis,W\k.,  and  the  bodies  very  quick- 

ly destroyd  Onthopfiagus  longiaornis,  Deyr.,  has  been  reared  from  larva- 
found  in  balls  buried  to  a  depth  of  three  to  five  inches  below  the  surface 

immediately  under  cowdung.  Each  ball  is  oval,  the  long  axis  about  twice 

the  short,  about  |  inch  long.  This  ball  is  hollow,  and  the  single  white 

egg  is  fixed  inside.  The  larva  feeds  on  the  ball,  leaving  the  coarser  outer 

shell  and  then  pu])ate8  within.  The  larval  life  lasts  for  21  days  and  the 

total  life  from  egg  to  imago  is,  in  May  and  June,  about  5  weeks.  At 

other  seasons  these  beetles  are  found  in  the  soil.  Many  of  our  commonest 

plains  species  are  undescribed  and  no  observaticms  appear  to  have  been 

made  on  their  habits.  Over  00  species  are  recorded  and  many  remain 

to  be  described.  Onitivellus  ciruim,  Fabr.,a  black  species  with  yellow 

fascin',  and  0.  pallipes,  F.,  a  dull  brown  species,  are  abundant  in  the 

plains  ;  the  latter  has  been  reared  from  eggs  found  in  dung-balls  buried 

three  inches  underground.  The  eggs  are  attached  each  to  one  end  of  the 

cavity  in  an  oval  ball  ;  the  lai^va  has  the  first  few  segments  of  the  abdo- 
men much  drawn  out  and  enlarged,  apparently  for  the  reception  of  the 

alimentary  canal  which  is  more  than  double  the  length  of  the  body  and 

bent  back  upon  itself  more  than  once,  being  also  very  capacious  and 

filled  with  food.  In  habits  and  appearance  it  differs  little  from  that  of 

OnthopJuKjus  lomjicornin  described  above.  The  larval  and  pupal  life 

together  occupy  about  19  days. 

Drepmiocerus  is  lepreseuted  by  the  tiny  I),  netox us,  Wied.,  common 
in  cowdung. 

AphodiincB. — These  beetles  feed  in  dung,  the  laj-vss  being  found  in 
the  dxxng-mass.  They  are  small,  brown  or  black  species,  cylindrical  in 

form  and  readily  confused  with  the  Carabids  of  the  Scaritine  division. 

Aphodius  is  the  principal  genus,  with  over  twenty  Indian  species  record- 
ed ;  they  are  extremely  abundant  in  the  rains  coming  to  light  in  great 

numbers.  Aphodius  has  been  reared  from  larvut!  found  in  a  dung  ball 

below  ground.  Three  larva-  inhabit  one  mass,  the  eggs  they  hatch  from 
being  laid  in  different  parts  of  the  ball.  The  larvse  are  of  the  typical 

form,  white,  wrinkled  and  bent,  with  well  developed  legs.  They  pupate  in 

round  black  cocoons,  apparently  made  of  excrement,  emergence  taking 

place  partly  by  biting  through  the  cocoon,  partly  by  bursting  it.  Larval 

and  pupal  life  together  occupy  about  sixteen  days  in  July-August. 
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Rhyssemus  includes  very  small  species,  resembling  Scolytids; 

Rhyssemvs  germanus,  Linn.,  is  the  common  species  in  Bengal  and  Hehar. 

and  has  been  seen  flying  in  very  great  numbers  in  warm  still  evenings  in 

March.  Chmtofisthes  is  recorded  by  Wassmann  from  nests  of  Tcrmcn 

obcuux  in  India  and  may  be  obtained  by  digging  into  the  large  centi'al 
nests  and  fungus  chambers. 

()rj>hnin(r.—  (hf)hnun  and  Orhodncut!  are  Indian,  with  several 

species.  Orfhnus  picinits,  Westd.,  is  common  in  the  Himalayas,  where  it 

makes  tmmels  in  the  soil  below  masses  of  cowdung,  carrying  the  dung 

down  to  fill  the  ends  of  the  tunnels,  its  larva'  being  found  in  the-  dung- 
mass. 

flyhosoririfp.  Represented  by  Hyhosorus  orientalix,  Westd.,  and 
Phwochrous  indicus,  Westw.,  the  latter  not  uncommon  in  the  plains.  It 

is  a  flatter  insect,  with  the  appearance  almost  of  a  Tenebrionid. 

Geotrupincp. — I'hese  are  nocturnal  insects,  found  abundantly  in  the 
rains  and  (ioming  freely  to  light.  Their  habits  appear  to  be  practically 

unknown  in  India  ;  Boucomont  says  of  the  group  in  general  that  they  dig 

long  vertical  tunnels  in  the  soil  where  they  remain  by  day,  and  where 

their  larvde  live ;  the  beetles  feed  on  dung  and  fly  at  night  in  search  of  it. 

Lethruti  and  its  allies  are  remarkable  for  living  in  couples  in  burrows  and 

feeding  on  the  shoots  of  plants,  but  none  are  recorded  as  Indian. 

Boucomont  has  listed  the  species  (Gen.  Ins.  liK)2),  mentioning  as  Indian 

Geotrupes  (!)),  liolhocerais  (20),  Athyrcm 

(2),  Ceratophijus  (1).  B.  qimdridens,  F., 

and  li.  suhglohosus,  Westw.,  are  our  com- 
mon forms. 

Tmiinw. — Four  species  of  Trox  occur, 
(Harold  Col.  Hefte,  IX,  p.  1),  the  common 

plains  forms  being  Trox  indicus,  Hbst., 

T.  omacanthus,  Har.,  both  quite  common. 

They  feed  on  hard  dry  excrement,  which 

aj)pears  to  be  their  normal  food,  with  smttU 
Fir.  143.-Ti(ox  ihdicob.      carcases  and  dead  insects. 



252  COLKOPTKKA. 

MKMiI.ONrHID.I';. 

AntenncB  with  a  knob  of  closely  folded  leaflets.    Elytra  not  coveriruj 

the  fyqidiuw..     One  or  three  spiracles  visible  beyond  the  elytra. 

This  very  large  family  includes  the  familiar  cockchafers,  moderate- 

ly large  thickset  beetles,  the  head  small,  thejjrothorax  large  and  round- 
ed, the    abdomen,    with   the   elytra,    hard, 

round  and  robust.     The   forelegs  are    com- 

monly   broadened    and    fitted   for   digging 

in  the  soil.    The  posterior  legs  are  strong, 

often  well  spined.    Wings  are  pi'esent  and 
the  beetles  fly   well.     The   tracheBe  contain 

dilations  which   are  inflated    befoi'e   flight, 
thus  increasing  the  volume  and  reducing  the 
specific  gravity  of  the  insect  as  a  whole.      „.     ,,^    _, 

Stridulation  of  one  hard  part  of  the  body  j-uli,ij«,  x  i. 

against  another    is    frequent,  a    variety  of 

sounds  being  produced.  Sexual  distinctions  are  well  marked  in  some 

by  prominent  secondary  eharactei's.  The  larva>  are  fleshy  soft  grubs, 

the  body  wrinkled  and  eui'ved  in  an  arc  ;  the  head  is  large,  the  apical 
abdominal  segment  very  much  developed.  Legs  are  present  but  are 
little  used.  The  four  sub-families  are  distinct ;  their  characters  are 

enumerated  above  (page  242). 

Meloi  onthin^. — Cockchafers.  Moderate-sized  beetles,  with  robust 

bodies,  the  elytra  covering  all  but  one  spiracle,  the  legs  only  slightly 

broadened  and  without  homs  or  spines  on  head  and  prothorax.  These 

are  mostly  dull-coloured  insects,  brown  predominating  in  the  coloura- 
tion, and  they  vary  in  length  from  a  quarter  of  an  inch  upwards.  The 

antennse  are  short,  with  the  knob  composed  of  one  more  joint  in  the 

male  than  in  the  female,  the  leaflets  also  longer  in  the  males ;  the 

pr(»thorax  is  small,  the  elytra  generally  smooth  and  fitting  tightly  to 

the  abdomen.  The  legs  are  moderately  long,  fitted  for  walking  and  to 
a  less  degree  for  digging. 

The  life-history  of  no  Indian  species  is  recorded  in  any  detail.  Gene- 

rally speaking,  the  larva- live  in  the  soil,  feeding  upon  the  roots  of  plants. 

They  are  fleshy  dingy-white  in  colour,  the  head  brown,  the  body  curved 
in  an  arch  and  the  apical  segment  large  and  smooth.     There  are  many 
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folds  in  the  skin  and  three  pairs  of  short  jointed  legs.  The  mouth-parts 
are  of  the  usual  mandibulate  type  and  the  food  is  })rincipally  toots  and 
underground  plant  tissues.  The  larva  moves  actively  in  soil,  but  is  com- 

paratively helpless  on  the  surface,  the  (iurved  body  interfering  with  loco- 
motion. When  full-grown  it  makes  a  mud  cell  and  transforms  to  a 

pupa  in  the  soil.  The  length  of  the  life-history  is  not  known  and  may 
occupy  one,  two  or  three  years  as  it  does  elsewhere  though  there  is  at 

present  no  reason  to  believe  it  occupies  longer  than  one  year.  The  imago 

flies  by  night  and  comes  to  light.  The  forewings  are  not  moved  in  flight 

but  are  held  rigidly  and  apparently  serve  for  a  parachute  and  as  direct- 
ors of  flight.  The  food  consists  of  vegetable  matter,  leaves  and  flowers 

being  eaten  at  night,  the  beetles  hiding  by  day.  P'ew  are  active  by  day 
but  some  may  be  found  clinging  motionless  to  grass  stems. 

The  destructive  species  are  so  on  account  either  of  the  destruction 

to  roots  by  the  larva,  or  the  destruction  to  leaves  or  floral  oi'gans  by  the 
imago.  In  Europe  immense  numbers  of  Mehhntha  irnhjaris  constitute 

a  very  formidable  pest  in  both  stages  and  immense  multitudes  of  these 

insects  occur.  Nothing  of  this  kind  has  yet  been  observed  in  India,  and, 

though  species  are  plentiful,  the  enormous  multiplication  of  any  one 

species  does  not  seem  to  take  place  and  the  place  of  the  Mclolontha  m 

Europe  is  here  taken  by  the  Rutehd  Anomala.  The  grubs  of  MeMnnth- 
idcB  are  the  prey  of  ScoUidm  which  seek  them  out  and  lay  their  eggs  upon 

them,  after  they  have  been  parasitised  by  stinging. 

The  number  of  species  is  very  large  and  no  complete  list  of  Indian 

species  exists.  A  number  were  described  and  listed  by  Brenske  i.» 
Indian  Museum  Notes.  The  classification  of  such  large  numbers  of  insects 

is  a  very  difficult  matter  and  the  sub-family  as  a  whole  is  not  studied  to 
the  extent  it  deserves.  The  identification  of  Indian  forms  is  possible 

(mly  by  systematists  with  large  reference  collections  and  libraries  at  hand 

and  cannot  be  undertaken  at  present.  The  more  common  species  of  the 

plains  are  figured  (I.M.N.)  and  we  can  only  advise  collectors  to  collect 

patiently,  to  sort  out  their  specimens  into  species  under  numbers  and 

hope  to  get  them  identified  as  occasion  may  offer.  The  species  of  the 

Indian  Museum  were  listed  by  Barlow  (Indian  Mus.  Notes,  IV,  p.  234). 

The  Hoflini  include  only  Hoplia  and  Ectinohoplia  with  less  than  twenty 

species  mostly  hill  forms.  The  Sericini  have  been  monographed  by 

Brenske  (Die  Serica-Arten  der  Erde)  with  10.3  Indian  species.    Serica 
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liKjuhris,  Brsk.,  is  a  moderate-sized  black  species  found  commonly  at  light 

in  the  plains.  S.  irtdn-a.  Blancli,  has  been  reared  fiom  larva-  feeding  on 
the  loots  of  cane  in  Behai  and  is  one  of  the  most  common  species. 

Ma(rodariilit)imc]uAe  one  R])ecies,  Dcjeama  ahionia,  Bl.,  a  moderate-sized 

bi'own  pubescent  species  wliich  is  found  in  the  plains  in  June.  The 

Melohmthini  include  ovci  I  (iO  s))ecieH.  chief!  v  in  the  genera  Apoifonia.  Mii- 

•otii/chn,  Lcpidxtla,  Holntric/ia  (]jachnostema),  Bramiva,  Uophslenms 
and  Mrhlovthn.  They  are  the  laigei  cockchafers  of  tlie  i)lains,  most 

abundant  in  the  moistei  areas.  A}>o(jovin  cnrmaia,  Brsk.,  is  a  shiny  black 

species  of  moderate  size  wliich  is  found  passing  the  winter  under  the  bark 

of  trees.  A.  projrima,  Wat.,  is  extremely  like  it  and  is  found  flying  in 

June.  A.  unijormtx,  Bl.,  is  also  common,  a  smaller  brown  species  wliich 

comes  freely  to  light  during  the  rains.  Schizonifclia  xatithodera,  Bl.,  is  a 

laiger  species,  which  flies  during  March  and  April.  Lepidiota  includes 

the  very  large  species  found  in  foiest  localities  as  a  rule  ,  one  species 

L   nu/OKipemihs,  BL,  is  found  in  the  plains,  thougli  rarely. 

Rulehnw. — Laniellicorn  beetles,  with  three  spiracles  on  the  mcm- 
biane  between  the  dorsal  and  ventral  plates,  three  on  the  ventral 

plates  and  visible,  with  the  claws  of  the  tarsi  of  unequal  size.  These 

are  moderate-sized  insects,  in  general  form  closely  similar  to  the 

Melolonthids.  Many  aie  brightly  coloured,  blues,  greens  and  browns 

predominating,  and    many  are  sombre. 

TJie  life-history  of  one  species  is  known,  this  being  the  common 
cockdiafer  of  the  plains,  Anomola  varians,  Oiiv.  The  stages  are  fully 

illustrated  in  Plate  XIY  and  the  details  of  the  life-hLstory  are  given  in 

full  elsewhere.  (Mem.  Agri.  Dept.  India,  Vol.  1 1.)  The  life-history  occu- 
pies one  year  ;  eggs  are  laid  in  the  soil  in  the  early  rains,  which  increase 

in  size  and  weight  after  laying.  The  larva  lives  in  the  soil  eating  the  roots 

of  rice,  bajra  and  other  ceieals.  It  rests  in  the  soil  from  September, 

pupates  in  March,  Apiil  oi  May,  and  the  imago  emerges,  after  about 

ten  days. 

A  large  number  of  species  occur  in  India,  one  subdivision,  the  Ano- 

maJides,  being  distributed  thiongh  the  tropics,  another,  the  Adoretides. 

abundant  in  India  and  Africa  alone.  Anomala  with  over  fifty  species, 

I'ojtiha  with  thirty  and  Mimela  witli  twenty -seven  are  included  in  the 
first;  Adoretus  with  twenty-four  species  in  the  second.    To  a  greater 



PLATE  XIV.-Anomala  Vakians. 
The  Cockchafer. 

Fi^.   1.     Egg  when  laid. 

3.  ,,    just  before  hatching. 

3.'  Larva,  dorsal  view. 
4.  „      lateral     „ 

5.  Pupa,  dorsal  view,  in  the  last  larval  exuviam. 
6.  „     ventral  view. 

7.  ,.     lateral     „ 
8.  Imago. 
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extent  even  than  other  groups,  these  are  hill  forest  insects,  very  few 
occurring  in  the  plains  proper.  Anomala  pallida.  F..and,<.  mriant,. 
Oliv.,  are  common  in  the  plains,  both  brown  species  like  cockchafers. 
.Jwowai!a?;mrfVfi,F.,isthe  common  greonii'«^e/?(/found  outside  the  hills 
the  remainder  being  mainly  hill  and  forest  species.  Anomala  donalis 
Fabr.,  was  reported  from  the  Victoria  Gaiden,  Bombay,  as  destructive 
to  rWnwTO  latifohum  (Indian  Mus.  Notes.  Vol.  V.  p.  \m).  Pseudo- 
singhala  transversa,  Burm.,  is  the  small  black  species  which  comes  up 
from  the  soil  in  myriads  in  May  in  the  Khasi  Hills  and  destroys  floweis. 
Adoreta  cardoni,  Br.,  is  lecorded  as  destructive  to  rose  bushes  and 

cultivated  plants  in  Calcutta    (Indian  Mus.  Notes.  Vol.  IV,  p   ].'i(i). 

Dynastin^.. 

These  insects  have  the  characters  of  the  Kiifehm,  but  are  distinct  in 

the  labrum,  which  is  not  visible  from  above  in  this  sub-division,  and  in 
the  equal  tarsal  claws.  They 
are  usually  large  insects,  the 
males  with  a  horn  on  the  head, 

and  a  tubercle  or  jjrojection  of 
some  nature  on  the  prothorax. 
The  colours  are  usually  dull, 

black  and  brown  predominat- 

ing ;  the  body  is  usually  mas- 
sive and  thick,  and  the  giants 

of  the  insect  world  are  here  in- 
cluded. The  males  stridulate 

by  moving  the  end  of  the  ab- 
domen in  and  out,  by  which 

the  apical  edge  of  the  elytra 

rubs  against  a  file  on  the  uj)- 

pei  surface  of  the  abdomen. 
The  larva-  are  found  in  (»ld 

trees,  in  decomposing  vege- 
table matter  and  in  soil  rich  in  humus  among  plant  roots.  The  pu])a 

is  enclosed  in  a  hard  case  and  the  metamorphosis  is  believed  to  be 
long. 

Kip.  145.— ORYCTEM  RHINOCEROS  MALK. 
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India,  Ameiica  and  Africa  contain  the  majority  of  species,  the  num- 

bei  of  Indian  species  not  being  large,  pi  obably  less  than  (iO  in  all.  Oryctes 

ihmo(i'ruis,\Anii.,  is  one  plains  species,  found  throughout  the  cultivated 
plains  wheic  toddy,  cocoanut  oi  othcj  palms  aie  grown.  The  beetle 

flies  by  night  and  eats  into  the  soft  tissues  of  the  apex  of  the  growing 

palm;  in  eating  through  the  folded  developing  1' aves  it  makes  tunnels 

which  are  shown  by  ragged  holes  in  the  leaves  when  they  open.  Fre- 

(juently  the  gi owing  bud  of  the  palm  dies,  growth  is  stopped  and  the  whole 

palm  withers.  The  insect  is  known  by  a  variety  of  names  in  most  parts 

of  India  where  its  ravages  are  known  ;  the  toddy-drawers  know  it  and 

often  know  that  its  grub  can  be  found  in  a  heap  of  decaying  vegetation  or 

in  a  decaying  tiee.  These  larvsp  are  fat  soft  grubs,  with  a  much  wrin- 
kled body,  and  as  the  tissues  inside  move,  the  whole  suggests  a  well  stuffed 

soft  pillow  in  which  is  a  small  struggling  animal.  PhyUognathus  dijomsius, 

F.,is  the  onlyothei  common  Di/nastiti.  The  life-histoiy  of  this  has  been 
worked  out  from  specimens  sent 

inbyA.  M.T.  Jackson,  Esquire, 

I  C.H.,  as  destroying  rice  in  Bel- 

gaum.  It  is  fully  illustrated  in 

Pja+e  XV  and  has  been  fully 

desciibed  elsewhere  (Mem.  Agric. 

Dept.,  India,  Entom.,  Vol.  II). 

Shortly,  the  eggs  are  laid  in 
soil  in  the  commencement  of  the 

lams  (June-July),  the  larvd-  are  ̂ 's-  IW-Orvctks  rhinockhon,  larva 

matui  e  by  September  and  pupate,  the  imago  emerges  in  October  and 

jemains  in  the  soil  until  May,  when  it  comes  out.  The  larvse  behave 

like  typical  cockchafer  grubs,  feeding  on  the  roots  of  plants. 

'  CETONIINilS. 

'  Moderate-sized  insects,  often  of  brilliant  metallic  colouring;  the 

form  of  the  body  is  slightly  flatter  than  in  the  Melolonthido'  and  the  scu- 

tellum  is  often  large.  The  males  are  rarely  distinguished  by  prominent 

characters,  such  as  horns,  and  the  two  sexes  are  closely  similar  in  the 

common  species.  The  colouring  is  very  striking,  metallic  green  in  some, 

brown  with  varied  yellow  markings  in  others ;  and  in  conformity  with 

this,  many  are  diurnal  species  which  are  seen  on  flowers.    The  life-history 





PLA.TE  XV. — Phyllognathus  Diontsius. 

The  Ricb  Cockchafbe. 

^ig.  1. 
Egg,  when  laid  and  just  before  liatcliing 
Young  lorva,  dorsal  aspect.        . 

„      3. 
„       lateral     „ 

.,      +. 
Adult      „       dorsal      ,, 

„      5. 
lateral     „ 

„      6. Pupa,  ̂ entral  aspect. 

..      " 

,,     dorbal         „ 

„      N 
,,      lateral        ,, 

„       ■'■ 
Imago,  female,  dorsal  aspect 

„     10. „        male,  lateral         „ 
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Fig.   147.— THAUMAhTOFOUS 

PtII,LU'5,    X   2. 

is  practically  unknown  in  India ;  the  larva>  are  in  general  similai  to  those 
of  other  Mehlonthid  beetles,  and  live  upon  decaying  vegetable  mattei 

_  or  roots,  or  in  ants'  nests.  The 
beetles  are  commonly  diurnal,  flying 
actively  close  to  the  soil  under  the 

trees  of  forests.  They  are  often  to 

be  seen  in  abundance  on  a  fine  day 
in  the  rains  in  suitable  localities. 

There  are  a  large  numbei  of  spe- 

cies in  India  and  throughout  the  ti'o- 

pics.  They  are  distributed  chiefly 
in  foiest  areas  but  extend  into  the 

plains  and  form  pait  of  the  general 

plains  fauna.  Janson  (Tr.  Ent. 

Soc,  London,  ]iK)j,  p.  179),  lists  the 

Cetoniids  collected  by  Andiewes  and 

Bell  in  the  Bombay  Presidency ; 

twenty-seven  species  are  enumera- 
ted, of  which  twenty  aie  confined 

to  South  India,  four  are  found  also  in  Noith  India,  and  thiee  widely 

spread  outside  India.  The  volume  in  the  Fauna  of  India  (now  in  the 

press)  may  be  consulted.  Nearly  200  species  aie  described  Ijom  India, 

exclusive  of  Ceylon  Foui  sub-f  amilies  ai  e  recognised' — The  Eurhirnii 
with  Eurhirus,  an  anomalous  insect  confined  to  the  Himalayas ;  the 

Cetoniini,  including  the  majority  of  the  species,  the  Valgini  with  less 

than  ten  species  and  the  Trirhnni,  with  a  small  numbei  of  species 
of  Trichius.  Both  sexes  of  Euchetrus  marleai/i,  Ho.,  are  figured  by 

Westwood  (Cabinet  of  Oriental  Entomology).  The  enormously  long 

curved  forelegs  of  the  male  are  the  most  striking  feature  of  this  insect, 
which  IS  found  in  Assam  and  the  Eastern  Himalayas  only. 

Nnricim  rrpalus,  Dup,  is  a  metallic  green  species  in  which  the  head 

is  produced  into  two  porrect  horn-like  processes.  In  the  brown  Ihcra- 

nocephalus  wallichii,  Ho.,  this  process  is  branched,  curved  and  like  a 

stag's  antlers.  Rhomborrhma  includes  the  large  metallic  species  com- 

mon in  and  near  forests.  R.  (Torynorrhina)  opalina,  Ho.,  has  the  head 

produced  in  a  flat  plate.  Heterorrhma  amcena,  Ho.,  is  a  delicate  yellow- 

green  insect  with  lines  of  black  punctures  on  the  el^ra,  found  rarely  in 
IIL  17 
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grass  in  the  plains.  CUnteria  includes  several  green,  brown  or  black 
species  marked  vividly  in  white  or  orange  spots.  C  spilota,  Ho.,  is  the 
variable  species  so  abundant  on  grass  in  the  hills.  Tbaumastopcem 

pullus,  Billt.,  is  a  large  shiny  black  insect  found  in  Behai.  In  this  spe- 
cies the  prominent  mesosternal  process  which  projects  forward  between 

the  fore  coxse  towards  the  mouth  is  conspicuously  shown.  Mwronota 

is  well  presented  in  South  India  by  species  with  vivid  yellow  lines 
on  the  pronotum,  elytra  and  abdomen  ;  the  elytra  taper  a  little  and  the 
abdomen  projects  conspicuously  at  the  sides.  Glycyphana  albopunciata. 

F.,  and  G.  versicolor,  "P.,  are  found  in  the  plams,  abundantly  near  forests. 
Oxycetoma  albopunctata,  ¥.,  is  the  brown  species  found  sometimes  in 
abundance  at  the  flowers  of  cereals,  with  the  green  Chiloloba  acwtawiei 

In  the  Central  Provinces  both  these  species  have  been  destructive,  feed- 
ing on  the  anthers  and  stigma  of  juai,  rice  and  millets.  The  latter  is  a 

beautiful  pure  green  insect,  with  very  marked  golden  pubescence.  Pro- 
tcBtia  albogvita,  Vig.,  is  a  fonspicuous  deep  blue  insect  with  vivid  white 
spots,  found  throughout  India.  The  pupse  have  been  found  at  the  roots 
of  trees,  in  cases  composed  of  pellets  of  mud  or  excrement  outside, 
smoothed  mud  oi  excrement  within.  Ardhracophora  atromaculata, 

F.,  is  the  large  dingy  black  and  white  species  found  widespread 
over  India. 

Cdledtng.—Kverj  possible  member  of  these  important  families 
should  be  collected ;  it  is  unnecessary  to  pin  at  once,  as  beetles  keep 

well  in  clean  sawdust,  free  of  dust,  with  enough  naphthaline  to  prevent 

mould  For  collecting  there  are  two  methods,  the  net  or  fingers  by 

day,  the  lamp  trap  by  night  It  cannot  be  too  strongly  msisted 
that  since  these  inserts  emerge  often  only  once  a  year,  dates  of  capture 
are  ol  extreme  importance.  Beetles  are  pinned  through  the  right  wing 
case ;  I  have  not  found  it  necessary  to  remove  the  soft  parts,  but  it  is 
advisable  to  soak  the  dried  insects  in  benzene  to  remove  grease.  Larger 

ones  must  be  very  carefully  dried.  Scarab  i  ids  are  best  got  in  the  hot 
weather  at  their  food  and  in  this  group  careful  observation  and  study 

of  habits  is  required.  Rearing  is  possible  if  the  dung  balls  are 
obtainable.  Melolonthids  can  be  reared  in  earth  if  given  roots  enough 

and  carefully  tended.  They  thrive  in  soil  in  which  plants  are  grown, 

e.g.,  rice  and  can  then  live  and  feed  under  normal  conditions. 
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ADEPHAQA. 

This  series  is  by  Ganglbauer  and  others  separated  from  all  other 

Coleoptera  on  account  of  the  wing- venation,  the  details  of  the  internal 

anatomy,  and  the  fact  that  the  larva  has  two -jointed  tarsi.  It  includes 

ten  families,  of  which  six  are  commonly  found  and  should  be  familiar. 

CiciNDELiD.ffl. — Tiqer  Beetles, 

The  dypeus  extends  laterally  in  front  of  the  insertion  of  the  antennce. 
The  maxillw  terminate  in  an  articulated  hook. 

With    few    exceptions,    these  beetles  are  generally  recognizable  ia 
the  field  from  their  general  form,  which  is  distinct  from  that  of  their 

allies,  the  Carahidce.  They  arc  often 

brightly  coloured,  green,  brown  or 

black  with  spots  or  bands  of  white 

being  most  common.  The  majority 

are  from  one-half  to  an  inch  long,  few 
under  or  over  these  limits.  The 

head  is  short  and  thickset,  in  Colli/ris 

(Plate  XVI,  Fig  11),  constricted  be- 
hind the  eye  into  a  neck  ;  the  eyes 

are  prominent,  the  antennsp  moder- 
ately long.  Long  curved  mandibles 

project  in  front  of  the  head,  the 

maxilla.'  and  labium  being  conspicu- 

ous, the  whole  mouth-parts  evidently 

Fig.  148.-Cn'iNi)ELA  HKXPiiNCTATA,    of  the    prcdaccous    type,   formed    for 

rapidly  seizing  and  firmly  clasping 

the  insects  they  feed  upon.  The  prothorax  is  large  and  cylindrical, 

the  elytra  usually  smooth  or  only  finely  pitted.  There  are  many 

wingless  species,  and  some  are  very  distinctly  pubescent.  The  legs  are 

long,  slender,  finely  spined  and  formed  for  rapid  running.  The  sexes 

are  alike,  the  three  basal  segments  of  the  male  tarsi  often  elongated, 

while  the  males  show  six,  the  female  seven  visible  ventral  segments. 

The  life-history  is  believed  to  be  uniform  hroughout  the  group,  and 

larvH"  that  can  be  referred  with  certainty  to  this  family  have  been  found 

in  India  ;  these  larvae  are  found  in  vertical  burrow^  in  the  wet  sand  or 
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mud  near  rivers  ;  apparently  they  require  wet  material  which  admits  of 

the  formation  of  a  burrow,  but  their  choice  of  locality  may  be  determined 

by  their  prey  ;  the  burrow  extends 

vertically  from  the  surface  and  the 

larva  ̂ can  move  up  and  down  by 

means  of  the  legs  and  a  dorsal  hump 

or  projection;  the  head  is  flat,  used 

to  carry  up  the  soil  when  excavating, 

and  the  very  long  jaws  are  turned 

backwards  and   upwards,   so   that 

when  the  flat  head  is  blocking  the 

upper  end  of  the    tunnel,  the  jaws 

have  free  play   above  and  are  in  a        pj^.  i49._cioiNDEtA  larva,  x  2 
position  to  seize  any  unwary  insect 

that  alights  or  walks  within  reach.     The  length  of  the  life-history  has 
not  been  ascertained,  but  as  each  species  appears  to  emerge  in  the  imago 

form  for  a  definite  period  in  the  year,  it  is  probable  that  the  life-history 

occupies  one  year  or  multiples  of  one  year  ;  the  imago  lives  for  several 

weeks.    The  student  should  read  the  life- history  of  Cicindela  campestris. 

an  English  insect,  which  occupies  three  years  (Proc.  Ent.  Soc,  London, 

I9()3,  p.  XV).    R.  Shelf ord  figures  the  curious  larva  of  Collyris  emargi- 
natus,  Deg.  from  Java,  which  lives  in  burrows  in  coffee  stems,  feeding  on 

the  insects  that  go  past.    The  larva  has  on  the  fifth  abdominal  segment 

six  hooks,  curved  forwards,  on  a  protuberance.    A  similar  larva  was 

found  in  China  (Trans.  Ent.  Soc.  London,  1907,  p.  83). 

The  majority  of  these  beetles  appear  in  the  rainy  months,  some 

at  the  beginning,  some  later.  Our  common  species  are  diurnal  in  habit, 

though  some  are  known  to  be  nocturnal.  They  are  among  the  most 

active  of  insects,  flying  for  short  distances  with  great  rapidity  and  also 

running  quickly.  So  far  as  known  all  are  predaceous  on  other  insects, 

though  their  exact  economic  value  is  difficult  to  ascertain.  Maindron 

records  that  Derocrania  hngesulcata,  Mon.,  feeds  on  Silis  (Drilinse), 

and  such  records  of  food  are  noticeable  for  their  rarity.  The  majority 

are  found  in  damp  places,  in  rice  fields  or  thick  vegetation,  on  river 

banks,  on  the  seashore ;  some  are  found  only  on  trees  in  forest  localities. 

Some  are  known  to  emit  scents,  not  of   an  unpleasant  character,  but 
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which  probably  serve  a  defensive  purpose  in  association  with  the  warn- 
ing colouration. 

The  family  is  not  a  large  one  and  the  majority  of  the  species  are 

referred  to  the  genus  Cicindela.  Atkinson's  Catalogue  (Asiat.  Soc, 
Bengal,  LIX,  1W)0),  lists  ili)  Indian  species,  Ctcmdeia  (74),  Pronymi 

{\) ,  Meqalomma  (2),  Dromkidia  (1),  Jansenia  {'2) ,  Therates  (1),  Tricon- 
dyla  (5),  Collyris  (32),  Teiracha  (]).  Maindron  has  added  others  (Ann. 

Soc.  Bnt.,  France,  1899,  p.  379) ;  Bates  described  Lewis'  Ceylon  forms 
(Ann.  Nat.  Hist.,  VI,  IC,  pp.  68,  143,  199).  A  revision  of  Colhjris 

will  be  found  in  Ann.  Soc.  Ent.,  France,  1864,  page  483. 

Horn  has  described  others  (Dc.  Ent.  Zeitschr.),  Cicindela  (17), 

Col h/r is  {10),  Tricondifla  (i),  Therates  (3),  Heptodonta  (2),  Nfoanllnris  (4), 

Calochroa  (4),  Euryoda  (1),  Derorania  (1),  Prothysn  (1),  are  included  in 

these  later  papers.  Horn  is  now  monographing  the  family  in  (Jenera 
Insectorum.  Of  these  less  than  20  Cicindela  and  one  Collyris 

(C.  distinrta  Chd.),  occur  in  tropical  India  generally.  Cicindeki  sex- 
punctata,  Linn.,  is  a  striking  species,  found  in  the  rice  fields  where  it 

preys  on  the  rice  bug,  Leptocorisa  varicornis.  It  appears  in  August  and 

September.  C.  (/ratmnophora,  Chd.  (Plate  XVI,  Fig.  12),  is  abundant 

in  the  rains  in  Behar,  the  commonest  of  the  small  species  and  very  active 

on  wet  ground,  (l  i-lineata,  F.,  is  a  conspicuous  msect  with  four  stripes 

of  yellow  on  the  elytra,  found  abundantly  on  the  seashore  of  Western 

India  ;  in  May,  it  feeds  on  the  Hahbates  germanus  so  abundantly  thrown 

up  on  the  beach  in  the  strong  South- West  wind  and  is  a  very  conspi- 

cuous insect.  Cicindela  H-notata,  Wied.,  is  common  on  the  banks  of 

rivers  in  the  plains,  a  very  gaudily  coloured  and  noticeable  species. 

C.  W-guttata,  Hbst.,  with  ten  yellow  spots  on  each  elytron  is  abundant 

in  rice  fields  with  C.  sexpunctata,  Linn. 

Collyris  includes  mainly  metallic  blue  tree-haunting  species  which 

are  difficult  to  distinguish  ;  nearly  all  are  forest  species,  some  living  on 

trees  and  bushes  in  the  plains.  Therates,  like  Collyris,  has  a  long  neck 

but  is  apterous,  and  includes  robuster  brown  insects,  found  also  in 

forests.  The  Cicindelidce  are  often  of  curiously  Umited  distribution 

with  regard  to  individual  species ;  the  common  forms  of  one  part  of 

India  are  limited  to  distinct  areas  and  there  appear  to  be  few  species 

really  widely  spread  even  over  the  plains.    A  nunijjer  of  our  subtropical 
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species  are  widespread  outside  India,  and  of  the  species  recorded  from 

Sind,  many  are  probably  not  Indian  at  all. 

Collectimj. — These  beetles  cannot  be  caught  without  a  good  net 

and  should  always  be  killed  at  once  or  kept  apart  till  they  can  be  killed. 

Their  larvae  can  be  found  if  looked  for,  but  we  have  not  heard  of  any 

being  reaied  in  confinement.  The  greatest  desideratum  is  close  obser- 
vation of  the  food  of  both  larva-  and  adults  as  the  actual  species  they 

prey  on  is  known  in  very  few  instances  and  until  this  is  known  their  eco- 
nomic value  must  be  doubtful.  They  will  be  found  only  in  moist  soil, 

and  are  abundant  in  lands  where  silt  is  deposited  after  flood. 

Carabid.*. — Predaceous  Ground  Beetles. 

AtUcnncB  filiform ;  the  tarsi  all  five-jointed,  clypeus  not  extending 
laterally  in  front  of  base  of  antennae,  maxillw  not  /looked. 

These  beetles  are  widely  distinguished  from  all  others  ;  the  only 

family  with  which  they  are  likely  to  be  confused  being  the  Cicindelidw 

which  have  the  lateral  extension  of  the  clypeus  in  front  of  the  antenna'. 

The  two  families  are  very  closely  connected  and  authorities  are  not  un- 

animous as  to  their  separation.     The  beetles  vary  in  size  from  small  to 

moderately  large,  the  smallest  one- quarter  of  an  inch  long,  the  largest 

nearly  one  inch.    The  colouring  is  varied,  often  black  or  brown,  some- 
times with  bright  patches  of  yellow,  and  it  is  often  strikingly  warning. 

{Antfiia  sexyuttata).     As  a  whole  it  is  the  characteristic  sombre  dark 

colouring  of  ground  insects,  similai'  to  that  of  Tenebrionidw,  Blattidw, 

Forficulidae,  etc.    The  body  is  usually  oval,  broader  than  in  Civindelidd' 

and  more  flattened.    The  antenn-i'  are  filiform,  rarely  moniliform,  not 

elbowed  and  projecting  conspicuously  in  front  of  the  head.    The  com- 

pound eyes  are  large,  the  mouth-parts  conspicuous  and  long,  the  biting 
predaceous  type  with  long  curved  mandibles.     The  prothorax  is  large, 

the  elytra  fitting  tightly  to  the  body,  often  with  rows  of  pits  oi-  with 
lines.    The  body  is,  as  in  nearly  all  Coleoptera,  enclosed  in  hard  well- 

fitting  chitinous  plates,  whose  morphology  is  the  basis  of  the  classifica- 
tion of   this  large   family.    The  legs  are  moderately   long,   fitted  for 

rapid  running  or  short  and  thickened,  fitted  for  burrowing,  the  tarsal 

joints  distinct,  the  claws  well  formed.    In  the  males  the  basal  tarsal 

joint  of  the  fore  leg   is  expanded.    The   elytra   are  in  some  species 

soldered  together  and  do  not  open,  there  being  no  wings  below  and  flight 
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not  being  possible.  {Anthia,  Carabus).  On  the  ventral  abdominal  seg- 
ments are  specialised  set  v  used  in  rapid  locomotion  along  the  ground. 

The  life-history  is  almost  unknown  in  detail,  but  so  far  as  is  known 
elsewhere  it  is  uniform  throughout  the  group  and  the  little  known  of  the 

%jf»^  Indian  species  agrees  generally.     The  larva> 
/om  are  slender  active  insects,    the   head   large 

m   "^W^  ^'*^    '"'^^    mandibles   and    six  ocelli,    the 
H^ —  i^  thorax  and   abdomen  smooth  and  tapering, 

jp|\  with  a  terminal    paii-    of   dorsal  cerci,    an 

I    ̂   anal  tube  and  three  pairs  of  thoracic   legs. 
(  The    terminal     processes    are    fairly    cha- 

racteristic ;  the    colours   are    black  or  dull 

'  and  the  carabid  larva  is  an  insect  that  can 

T\>  usually  be  readily    recognised.      They  are 

FiR.  150.— Haki'alitk  laiha.      in  the  main  predaceous  and  constitute  part (After  Packard.)  .  ̂ ,  .  .  ,  ,  ,         , ot  tlie   surface    fauna  and  are  best    found 

when  caterjjillars  arc  abundant  on  ;i  crop,  when  thfy  gather  there  to 

feed.  Elsewhere  some  are  known  to  feed  in  the  roots  of  the  crops,  and 

one  is  a  pest,  but  no  recoid  of  such  vegetarian  larva-  exists  for  the  Indian 
species,  which  are  commonly  predaceous.  They  suck  out  the  juice  of 

caterpillars  and  other  insects,  and  though  they  must  be  extremely  abun- 
dant, are  very  rarely  found,  except  under  these  exceptional  conditions. 

No  details  are  available  as  to  the  length  of  the  life-liistory.  Pupation 
takes  place  in  the  soil.  The  eggs  of  one  species  [Anthia  sexyuttata)  are 

large  oval  bodies,  white  and  soft,  measuring  nearly  one-quarter  of 

an  inch  in  length.  One  is  laid  at  a  time  and  dissection  shows  that 

they  develop  successively  and  are  produced  singly  ;  apparently  egg- 
laying  is  extended  over  a  long  period  and  the  active  imaginal  life  is 

probably  long.  The  total  number  of  eggs  produced  is  probably 
small.  Hibernation,  so  far  as  observed,  takes  place  in  the  imago 

stage,  the  beetles  burying  themselves  in  the  soil  or  otherwise  taking 

shelter.    Possibly  it  takes  place  in  the  other  stages  also 

CarabidcB  are  partly  diurnal,  partly  nocturnal,  the  latter  species 

sometimes  coming  to  light.  Most  can  produce  a  caustic  mal-odorous 

liquid  from  glands  opening  above  the  anus ;  in  a  few  this  liquid  is  vola- 

tile, and  on  being  set  free  goes  off  with  a  little  report ;  the  enemy  being 

overcome  by  the  odour  and  detonation,  the  beetle  escapes  rapidly.    No 





PLATE    XVI.— Apephaga. 

Fig.   1.  Pron)ssiv  nodicollis.     (Cicindelidee). 
2.  Cicindela  withilli.  „ 

3.  Calosoran  indicft.         (Carabidte). 
4.  Scarites  nanus.  ,i 

o  Dicranoncos  amabilis.  ,, 

6.  Cicindela  imperfecta.    (Cioindelidse). 
7.  „        anrofasciata.  „ 

8.  Chlcrnius  circumdatas.  (Carabida>). 
9.  Tricfaisia  morio.     (Carabidoj). 

10.  Ualiplus  anguatifronx.     (HaliplidHi), 

J I .  Collyris  distinota.     (Cicindelida:). 

1 2.  Cicindela  graninaophora.       „ 

m.  Tetragonoderus  sp      (Oarabidae). 

14.  Eadema  angulatum.  „ 

1.5.  Platrrhopalus  denticornis.     (Paussidfp). 
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species  is  in  India  known  to  be  destructive,  and  but  very  few  are  possible 

pests  elsewhere,  the  carnivorous  habits  of  the  family  apparently  giving 

place  to  herbivorous  habits  in  a  very  few  species.  The  family  can  be 

classed  among  the  great  number  of  miscellaneous  predators  which  check 

the  general  increase  of  other  insects.  They  are  protected  by  their  fero- 
cious habits,  their  hardness  and  by  a  volatile  and  offensive  fluid 

(Pheropsophus) .  Their  habitat  includes  every  part  of  the  earth's 
surface,  and  they  are  among  the  most  universal  of  insects.  Many  thrive 

in  the  plains,  some  in  the  hills.  Cultivated  areas  harbour  many,  as 

do  the  wastelands  and  jungles. 

The  number  of  species  in  India  is  a  large  one,  and  the  family  is  one 

of  the  most  rich  in  species.  A  list  of  the  catalogued  species  of  the  region 

may  be  found  in  the  Journal  of  the  Asiatic  Society  of  Bengal,  Vol. 

LIX  (1890),  Appendix  C.  By  no  means  all  the  species  are  described 

and  there  are  large  numbers  to  be  added  to  this  list.  A  total  of  fifty 

has  been  described  since  Atkinson's  catalogue,  showing  how  little  atten- 
tion has  been  paid  to  the  group  during  the  last  two  decades.  The 

studont  may  consult  Bates'  paper  on  the  Ceylon  species,  collected  in 
five  months  by  Lewis,  to  realise  the  magnitude  of  the  group  (Ann. 

Nat.  Hist..  VI,  Vol.  Ifi,  pp.  (58,  43,  199).  It  is  a  noteworthy  fact  that 

this  family  are  far  more  abundant  in  tropical  than  in  sub-tropicaJ  or 

temperate  India,  and  their  place  in  the  plains  is  to  some  extent  taken 

in  the  hills  by  spiders  so  far  as  their  predaceous  function  is  concerned. 

Over  (KX)  Indian  species  are  enumerated  by  Atkinson.  The  groups 

are  divided  as  follows  : — 

0  ABA  BIN  J-:. 

Harpalin.*!  I. 

Omophronini  4. 
Carabini  14. 
Nebriini  3. 
Enceladini  1. 
Scaritini  76. 

Panagwini  16. 
Siagonini  13. 
Ozomini  2. 
Nomiini  2. 
BembHiini  19. 

Poffonini  2. 
Pteroatichini  65. 
Licinini  6. 

Platynini  45. 

Harpalin.®  I. 

'AnrJionoderini  2. 
Ctenodacti/lini  5. 
Odacanthini  IJ. 

Drijptini  27. Lebiini  87. 
Helluonini  12. 
Anthiini  4, 
Ceratocerini  15. 

Brachynini  41. 

Apotomini  2. Broscini  4. 

Chlmnini  90. 

HarpaMni  38. 
PSBUDOMORl'HlN^.     9. 

Hari'alin^':  II. 
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It  is  impossible  to  attempt  to  discuss  the  classification  and  discri- 

mination of  our  abundant  Indian  forms,  which  form  one  of  the  largest 
families.  Tt  may  be  hoped  that  these  insects  will  soon  be  dealt  with  in 

the  Fauna  of  India.  ' 

Carahus  includes  only  a  few  Indian  species  and  is  more  abundant 

in  the  palscarctic  region.  Cahaoma  (Plate  XVI,  Fig.  ;J),  includes  tlie 

species  Orientale,  Ho.,  found  in  Peshawar  to  be  predaceous  on  young 

locusts  (Sch'stocerra  peregrina).  Ofhionea  is  a  pretty  little  insect,  com- 
mon in  the  plains,  and  with  several  Indian  species.  The  colouring  and 

facies  are  distinctive,  slender  flattened  insects  marked  in  brown  and 

red.  DendroceUus  is  another  Indian  genus  extending  also  to  West 

Africa.  Brachinus  is  a  widespread  genus,  usually  black,  with  ferrugi- 

nous head  and  prothorax,  and  greenish  elytra,  Lchin  is  anothei'  large 
genus,  well  represented  in  India  ;  the  beetles  live  chiefly  on  bark  and 

plants,  and  are  brightly  coloured.  The  genus  Anthia  has  a  single 

Indian   representative,  the   large   J.     (Pachymorpha)   sexgjMata,    Ho. 

Vig.  l.')l.— ANTmA  SKXdUTTATA,    X  IJ.  (F.  M    H.) 

This  insect  is  one  of  the  most  striking  beetles  of  the  plains,  black,  with 

six  large  white  spots.  It  is  wingless  and  found  wholly  on  the  soil, 

spending  the  winter  in  holes.  A  few  kept  in  captivity  lived  for  some 

months,  fed  daily  with  from  one  to  two  hundred  grasshoppers.  Eggs 
were  laid  but  failed  to  hatch.    This  is  one  of  the  few  Carahids  easily 
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identifiable,  and  1  have  been  told  that  it  figures  among  the  folktales  of 

natives  of  some  parts  of  India.  The  Scariiinw  have  a  distinct  facies 

(Plate  XVI,  Fig.  4),  and  are  further  marked  by  their  pedunculate  pro- 
thorax  and  enlarged  digging  legs,  similar  to  those  of  the  Coprideti. 
They  are  black  insects,  some  quite  small,  others  of  moderate  size,  and 
are,  so  far  as  is  known,  wholly  digging  insects.  Some  are  diurnal,  some 

nocturnal,  and  while  most  are  predaceous,  some  appears  to  feed  on 

decaying  animal  matter.  Clivina  is  one  of  the  larger  Indian  genera, 
with  many  Indian  species. 

Collecting. — Carabids  are  sufficiently  abundant  to  be  readily  f  oimd  and 
collected.  They  must  never  be  put  living  with  other  insects  but  kept 
apart  or  killed  at  once  with  benzene.  In  this  group,  details  of  the  food  of 
the  beetles  is  much  wanted  ;  every  larva  found  should  be  reared,  feeding 
it  on  living  insects  ;  though  the  beetles  are  extremely  numerous,  few  larvae 
are  known  and  fewer  still  have  been  reared.  Attempts  to  rear  Anthia 
have  failed,  though  their  eggs  were  obtained  and  it  will  probably  be 

more  satisfactory  to  rear  from  captured  larvae.  These  should  be  care- 
fully sought  for  whenever  caterpillars  are  abundant,  as  they  collect  at 

such  spots.    Larviie  are  best  preserved  in  formalin. 

Paubsid^. 

A  family  of  small  beetles  most  readily  recogmsed  by  the  extraordinary 
form  of  the  antennce,  which  are  usually  very  large,  as  well  as  by  tite 

truncate  elytra  which  usually  leave  the  pygidium  exposed.  Tarsi 

five-jointed. 

These  remarkable  beetles  are  of  small  size,  generally  near  to  one- 

quarter  of  an  inch  long,  coloured  almost  wholly  in  red- brown  and  black. 
The  head  bears  the  remarkable  antennae  and  the  somewhat  reduced 

mouth-parts  ;  the  former  have  two,  six  or  ten  joints  ;  in  many  cases 
there  is  a  small  basal  joint  and  a  single  large  leaflike  apical 
joint ;  in  others  the  expanded  part  consists  of  the  apical  five 

joints.  The  prothorax  is  well  developed  and  of  varied  form  ;  the 

elytra  are  parallel-sided  and  truncate  behind,  the  pygidium  visible 
in  most  species.  The  legs  are  of  varied  form,  sometimes  expanded  and 
leaflike,  uBually  slender  and  formed  for  walking. 
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The  life-history  of  no  species  is  known.    These  beetles  are  found  at 
light,  have  been  repeatedly  found  walking  on  the  soil  and  are  found  in 

Kig,  lo'i.— A.   CEUAT0DBRU8  OBBKTHUIU,    B.   EUPLATYKHOPALUH  APLUSTIFGK, 
C.  Platykhopalus  mellyi. 

(After  DetneuM.) 

ants'  nests.  It  is  believed  they  are  all  myrmecophilous,  living  on  vary- 
ing terms  of  indebtedness  in  the  nests  of  surface  ants.  They  fly  quickly 

and  settle  with  the  wings  extremely  quickly  closed,  so  that  they  appear 
to  fall  rather  than  to  settle.  As  in  the  previous  family,  these  beetles 

secrete  a  liquid  which  is  irritant  to  the  human  skin. 

Of  the  known  species  (Desneux,  Genera  Insectorum),  nearly  300 
in  number,  about  one -seventh  are  Indian,  and  the  fauna  is  comparatively 

rich  in  forms.  They  are  found  in  the  plains  as  in  the  hills  and  probably 

many  plains'  forms  remain  to  be  discovered. 

PlcUyrhopalus  denticomis,  Donov.  (Plate  XVI),  is  apparently  the 

most  common,  found  at  light  and  walking  on  the  soil.  Merismoderus 

Bensoni,  Westw.,  is  known  from  the  United  Provinces  and  figured  by 

Westwood  (Cab.  Oriental  Entomology,  Plate  XLI,  Fig.  4) ;  he  states 

that  it  was  found  in  a  "  black  ants'  nest."  Many  Indian  species 

of  this  family  are  figured  in  Westwood' s  Arcana  Entomologica. 
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MYBMECOPHILOUS  INSECTS. 

In  a  publication,  dated  1894,  Wassmann  enumerates  nearly 
1,200  insects  which  live  in  some  degree  of  association  with  ants,  and 
over  one  hundred  living  in  connection  with  termites.  The  former 

are  the  ' '  Myrmecophilous  ' '  insects ;  they  possess  a  special  in- 
terest chiefly  on  account  of  the  fact  that  a  large  proportion  of  them 

are  not  inimical  to  the  ants  in  whose  nests  they  live,  but  thev  play  an 
important  part  in  the  economy  of  the  nest  and  are  deliberately  fed  and 
maintained  by  ants.  The  ant  community  is  much  like  the  human  com- 

munity ;  it  has  species  of  insects  that  it  domesticates,  feeds,  tends  and 
preserves  on  account  of  the  food  it  derives  from  them  ;  there  are  others 
which  live  in  harmony  with  them,  are  tolerated  but  are  not  known 
to  have  any  value  to  the  ants  ;  there  are  insects  hostile  to  the  ants 
themselves,  but  which,  nevertheless,  maintain  themselves  in  their 
nests  ;  and  there   are  parasites  which  live  in  the  bodies  of  ants. 

The  same  applies  to  termites  but  far  less  is  known  of  them  since 
they  are  tropical  insects  and  have  been  far  less  studied.  It  is  probable 

that  the  ' '  termitophilous  insects  ' '  are  as  varied  and  numerous  as  the 
myrmecophilous  insects  and  there  is  here  a  great  field  for  observation 
and  research  in  this  country. 

Comparatively  little  is  known  of  myrmecophilous  insects  in  India  ; 
Wroughton,  Rothiiey  and  others  who  investigated  Indian  ants,  found  a 
number  of  species  and  Wroughton  has  also  found  termitophilous 
insects ;  but  the  number  recorded  and  the  observations  made  covers 
only  a  very  small  part  of  the  ground.  We  have  here  endeavoured  to 

condense  from  Wassmann's  Kritisches  Verzeichniss  not  only  the 
groups  found  elsewhere  but  the  recorded  Indian    species. 

Escherich  describes  three  Termitophilous  Thysanura,  of  the 
Genera  Assmuthia  and  Platystelea  from  India  (Zool.  Anz.,  p.  743). 
Myrmecofhila  among  Orthoptera  is  the  sole  recorded  genus  :  Wrough- 

ton and  Aitken  record  M.  acervorum,  Panz.  var  flavocincta,  Wassm. 
in  the  nests  of  Plagiolepis  longipes,  Jerd.  This  little  insect  is 
one  of  the  MyrmeayphiUncB  {6ryllida>).  Wassmaim  (Zeitsch.  Wiss 
Insecten-biol.  I,  p.  334),  describes  Myrmecophila  jtrenolepidis  found 
in  Bombay  by  Assmuth,  running  with  the  ants  {Prenolepis  longicornis) 
which  were  moving  their  nest  at  the  beginning  of  the  rains.  The  same 
Myrmecophila  occurs  with  the  same  ant  in  Brazil.  Two  other  species 
of  Myrmecophila  are  known  to  live  with  Pheidole  Wroiyhtoni  and  with 
Camponotus  wmpressus.  The  author  states  that  Myrmecophila  lives 
with  one  ant  species  in  its  nymphal  instars  and  with  another  when  full 
grown. 

Among  Neuroptera,  a  single  Psocid  is  recorded.  Some  Eutermes 
live  in  a  friendly  manner  with  species  of  Termes  and  are  thus  Termito- 

philous. In  Hymenoptera,  we  have  first  the  ants  living  in  a  social  way 
with   other  ants  ;  thus  a  small  ant  may  make  nests  by  tunnelling  in  the 
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solid  earth  left  between  the  galleries  of  a  much  larger  kind  of  ant ;  or 
two  kinds  of  ants  may  share  a  nest.  Wassmann  records  no  instances 
from  this  country  but  our  common  ant  Myrmeroci/stus  setipes  certainly 
allows  another  ant  to  build  between  its  galleries,  and  there  arc  probably 
other  instances.  Ants  are  also  termitophilous  in  that  they  live  in 
termites'  nests.  Two  sphegid  wasps,  Rhinopsis  constancim,  and  R.  rufi- comis,  Cam.,  mimic  and  live  where  Sima  rufonigra  is  common  ;  but  the 
exact  relations  are  doubtful.  Elsewhere,  Fossorial  wasps  prey  upon 
ants,  carrying  them  off  to  stock  their  cells  with.  Various  Parasitic 
Hymenoptera  destroy  ants  but  none  are  yet  recorded  in  India.  Lepi- 

doptera  include  a  very  few  whose  larvsp  live  in  ants'  nests  (none  Indian), 
and  a  number  which  are  visited  by  ants,  which  have  special  "  honey 
organs"  and  which  in  some  cases  pupate  in  the  ants'  nests. 
deNiceville  remarks  that  some  of  these  caterpillars  will  thrive  only  in 
association  with  their  particular  ants.  These  are  all  Lycwnidce  ;  the  list 
embraces  the  following  : — 

Polijommaiwt  balicm,  L        visited  by  Camponotus  rompresnus,  P. 
,,  ,,    Prenolepis  clandestinus,  Mayr 
„  ,,    Tapinoma  melanocephahtm,  F. 

Tarucus  theophrastus,  F  ,,  ,.    Camponotus  compressus,   F. 
,,  „    PJieidole  lafmoda.  Rag. 

Gerydus  symethus,  Cram.  ,,  „  ?  V 
Rapala  nchistarea,  Ms.  ..  ,.  ?  ? 
Cliilad^H  Imus,  Cram.  „  ,,    Camponotus  compressus.      F. 

trochilus,  Frey.  „  ,,    Pheidole  qu^drispinosa,    Jerd. 
Zizera  lysimfm,  Hubn.  ,,  ,,    Tapinoma  tnelanocephalum ,  F. 
Lycrpnesthps  emolus,  God.  ,,  „    CEcophylh,  swnrm/dina,  F. 
Lampides  aslianus,  F.  „  „    Camponotus  mitis,  8m. 
Ca,tochrysops  cnejus,  ¥.  ,,  ,,    Camponotus  rompressus,  F . 

„        pandava,  Horsf.         „  ,,    Prenolepis  longicornis,  Ltr. 
,,  ,.  „  „  ,,    Monomonum  sperulare,  Mayr. 
,,  ,,  ,,  ,,  .,    Cremastogaster  sp. 

Among  Diptera,  there  are  less  than  20  species  recorded,  chiefly 
European,  Microdon  being  the  best  known.  A  single  Indian  example 
among  Heteropterous  Rhjmchota  is  the  Coreid  Dulichius  infatus,  Kby.. 
which  Wroughton  found  to  mimic  Polyrliachis  spiniger,  Mayr.,  and  to  live 
where  this  ant  is  common.  Of  the  Homaptera,  there  are  species  of 
FulgoridcB  and  Membracidm  which  are  visited  by  ants  to  get  the  sweet 
secretion.  Our  common  species  of  Leptocentrus  among  the  latter  and 
Pyrilla  aberrans,  Wlk.,  among  the  former  are  examples.  Psyllidce, 
AphidcB  and  CoccidoB  also  afford  many  examples,  ants  either  simply 
visiting  them  to  get  honeydew,  or  building  shelters  over  them,  or 
maintaining  them  in  their  nests.  CEcopliyUa  smaragdina  commonly 
sews  together  the  leaves  round  colonies  of  Coccids  and  makes  shelters 
for  them  ;  a  very  large  number  of  our  Coccids  and  Aphids  are  visited 
by  species  of  Camponotus,  Cremastogaster,  Cataulacus,  etc.,  though  we 
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are  not  aware  of  any  detailed  information  as  to  the  species  of  ants 
which  visit  each.  A  smaJl  number  of  Poduridip  and  Lepismidse 

are  aJso  recorded  as  being  found  as  guests  in  ants'  nests.  We 
have  Jeft  the  Coleoptera  to  the  last,  as  they  form  the  greater 
number  of  the  recorded  species.  The  following  families  are  enumerated 
as  having  more  than  ten  Myrmeoophilous  or  Termitophilous  species  :- 

Myrmeoophilous Termitophilous 

Staphylinidse 263 59 

PselaphidsD 113 
5 

Clavigeridae 

89 

0 
Paussidse 

169 0 
Scvdmnenidae 32 0 

Silphid* 
35 

J 

Trichopterygidse 
14 

0 
Lathridiidse 

30 
] 

Thorictidse 
40 

0 

Histeridse 128 7 

ScarabieidsB 17 6 

Below  is  a  list  of  eleven  species  more  or  less  definitely  ascertained 
to  be  Myrmecophilous  in  India ;  Wassmann  includes  many  otheis  which, 
from  structural  characters,  he  assumes  are  myrmecophilous,  especially 
Paussids. 

ClamgeridcB     Claviger  Hageni,  Motsch.  East  Indies. 
Mastiger  ahrupttis,  Motsch.  Calcutta. 

PaussidcB        Meriamodems  Bemoni,  Westw.     with  black  ants,  Ben- 

gal. 

Paussus  Fichteli,  Don.  Black  ants  (?  Pheidok). 
Paussus  soleatus,  Wasm.  Pheidole  Wroughtoni, For. 

Paussus  auaviSyW&Bm..  Pheidole  htinoda,  Kag. 
Paussus  Wroughtoni,  Wasm.         Pheidole  Wroughtoni,  For. 

ColydiidcB       Paramelhn  sociale,  Waterh.  In  ants'  nests. 
Scarabaido'    ChcBtopisthes  fulvus,  Westw.         In  Termites'  nests. 

,,        simplicipes,  Keiche.    ,,  „  ,, 
PselaphidcE  Aulacophora  sp.  „  „  „ 

On  the  analogy  of  other  countries  it  is  probable  that  there  are  abun- 
dant myrmecophilous  and  termitophilous  insects  in  India  and  we  re- 

produce the  list  above  as  a  giiide  to  the  student  for  what  he  may  expect 
to  find. 

In  a  later  paper  (Deutsche  Ent.  Zeitimg,  1899,  1,  p.  145).  Wass- 
mann describes  the  termitophilous  insects  found  in  the  nests  of  the  com- 

mon white  ant,  Termes  obesus,  Bamb.,  at  Ahmednagarby  Father  Heim. 
They  are  four  Staphylinids,  Termitodiscus  Heimi,  Myrmedonia  tridens, 
Myrmedonia  Heimi,    Myrmedonia    sculpticolUs :    and  two    Aphodiine 
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beetles,  Chatopisthes  sulciger  and  Corythroderus  (/ibbufer.    As  Myrmeco- 
philous,  Wassraann  mentions  the  following  species  :— 

B 

P 

(% 

Fiff.  153.— MyRME<!<)PHILOPS  BKETLKH. -A.  TEBMITODIHt'UK  HEIMI.— B.  CHJiTOPISTHRH 
8ULCI(JER.-C.  CoHYTHRODERUHOmBIOBK.— D.  ThoRICTUB  HEIMI,- K.  WROroHTO- 

NILLA  LOBOVELT^:.— F.  COSSVHHOmNrK  INDICrS.— G.  {"!.  INDKUS,  ANTENNA 
KOLPKI)   IN   CAVITY. 

\Af(er  lVn»i,mann\. 

RtAPHYLINIDwK — 

Wroughtonilh  lohopeltcp,  Wassm.  with  LohopeUa  dimimifa,  Sm.    Nil- 

giris. 
Thorictii)^ — 

Thorictus  HeimifVf&BBm.  „     Trigh/phofrix      vahhi,      For. 
Ahmednagar. 

IjATHRinilDiE — 

Coluocera  Beloni,Wa.B6m.  „     Pheidole      sulcaticeps,       Rag. 
Ahmednagar. 

„     Hokomyrmex  scahrieeps,  Mayr, 
Ahmednagar. 
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CossyPHui)ji>.*:— 

Cosayphodmus  iniicus,  Wassm.    with  Pheidok      suhaticeps,        Rag. 
Ahmednagar. 

Tenebrionid^; — 

Dichillus    teneUus,    Wassm.  .,     Hokomyrmex  scabriceps,  Mayr. 
Ahmednagar. 

Schizillus  Rogersi,  Wassm.  „     Pheidole  mdica,  Mayr.      Mus- 
soorie. 

Tetranillus  costatm,  Wassm.  „     '!        V        Ahmednagar. 
Stenosis  dentipennis,  Wassm.  „      Cremastogaster  sp.  Thaiia. 

,,        iiroughtoni,  Wassm.  „     Pheidole       latinoda.        North 

Gujarat. 

RHYSODID.ffi. 

Head  with  a  sknder  rwck.    Antennoe  filiform,  eleven-jointed.    Tarsi 

five-pointed.    Abdomen  of  six  joints,  basal  three 
connate.     Front  tibia  notched  on  inner  edge. 

A  small  family  of  two  genera  ;  they  are  elongate,  the  integument 

hard  and  with  longitudinal  impressed  lines  ;  all  are  coloured  black  oi 

brown.  The  few  known  species  have  been  found  under  the  bark  of 

trees.  Lewis  revised  the  family  in  1889  (Ann.  Nat.  Hist.  VI,  Vol.  2) 

and  listed  forty  species  of  Rhysodes  and  Clinidium,  of  which  C.  apertum, 

Reit.,  R.  aterrimus,  Thevr..  is  Indian  and  R.  taprobance,  Fairm..  is  known 

from  Ceylon.  Three  species  of  Rhysodes  have  since  been  described  by 
Arrow. 

Dytiscid.^:. 

Afjiiatic  beelles,  the  posterior  coxce  enlarged,  the   antennce  filiform. 
Hind  leg  formed  for  swimming.    Males  with  the  three 

basal  tarsal  joints  of  foreleg  dilated. 

These  beetles  are  readily  distinguished  by  the  above  characters 

from  other  aquatic  beetles.  They  are  practically  aquatic  Carabids 

with  the  bodily  form  and  appendages  modified  to  suit  their  mode  of 

life.  They  include  some  of  the  larger  beetles  and  many  small  forms: 

the  colouring  is  sombre  and  probably  renders  the  swimming  beetle  in- 

conspicuous. The  form  is  oval,  the  parts  very  closely  united  to  form 
one  continuous  whole  with  no  projecting  angles  or  lines  ;  the  head  is 

broad,  tightly  fitting  and  only  capable  of  slight  movement.  The  trophi 

are    similar    to    those    of   the  Carabidse,  the  biting  carnivorous  type. 



DYTISOIDiB. 27S 

T 

The  elytra  cover  the  abdomen  and  the  wings  are  large  and  functional 
in  all  species.    The  anterior  legs  are  set  close  together,  of  the  usual  form 

except  in  the  males,  in  which  the 

basal  tarsal  joints  are  to  a  greater 
or  less  extent  dilated ;  in  some  this 

dilation  is  so  large  as  to  form  a 

conspicuous  sucker-like  organ  and 

used  by  the  male  to  securely  hold 

the  female.  The  hind  legs  are  long 

and  formed  for  swimming  the  tarsi 

compressed  and  twisted  so  that  the 

upper  edge  is  outward  ;  they  are 
ciliated  on  one  or  both  edges.  The 

C0X8P  are  very  large  and  occupy  a 

large  part  of  the  ventral  surface. 
The  sexes  are  similar  in  general 

appearance  and  are  distinguished 

by  the  fore  tarsi.  These  beetles 
excrete  a  whitish  fluid  from  the 

articulation  of  the  head  and  pro- 
thorax  on  being  seized,  and  also 

excrete  an  unpleasant  fluid  at  the 

anus. 

The  life-history  of  no  species  appears  to  have  been  worked  out  in  India 
and  there  is  no  reason  to  beheve  it  differs  from  the  general  type.  Eggs 

are  laid  in  aquatic  plants,  under  water,  and  hatch  into  elongated  grubs 

with  a  large  flat  head,  a  long  tapering  body  terminating  in  two  ciliated 

processes  ;  there  are  three  pairs  of  long  swimming  legs.  The  apex  of 

the  abdomen  ends  in  two  spiracles  which  alone  are  open  and  functional ; 

the  larva  comes  to  the  surface  tail  upwards,  the  two  processes  lie  flat 

on  the  surface  film  owing  to  their  ciliations  and  support  the 

grub,  which  takes  in  the  air  supply  quickly.  The  head  his  a  pair 

of  long  hollow  sickle-shaped  mandibles,  and  it  has  been  shown  that 
when  these  are  in  use  the  mouth  is  automatically  closed  ;  the  larva 

grasps  its  prey  by  the  mandibles,  inserts  them  and  sucks  the  blood 

through  the  hollow  mandibles ;  the  larvae  are  extraordinarily  voracious, 

and  if  confined  together,  attack  and  destroy  one  another.  They  are 
UL  >« 

Fig.  154.— Cybirter  coupuRrs,  malk. 
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abundant  in  freshwater  in  India,  especially  if  stagnant  or  nearly  bo. 

Pupation  takes  place  in  the  mud  near  the  water.  The  adults  are 

aquatic,  and  carry  their  air  supply  under  their  elytra  ;  they  also 
come  up  periodically  with  the  apex  of  the  el3rfcra  upwards  to  renew 
their  air  supply.  They  are  carnivorous  but  less  voracious  than  the 

larva>  and  fly  at  night  from  pond  to  pond.  Nothing  is  known 
of  the  habits  of  the  Indian  species  nor  of  their  mode  of  hibernation, 
number  of  broods,  etc. 

Fig.   l.iS  — KkETEB  BTICTICUb  LARVA  AND  IMAOO  X  8. 

Sharp  in  1876  experimented  with  Dytiscidoe  to  find  the  ratio  of  the 
time  spent  getting  air  at  the  surface  to  that  spent  under  water.  He 
found  in  Dytiscus  marginahs  a  ratio  of  1  to  12.  PeJohius  has  a  ratio  of 

1  to  375,    (Proc.  Linn.  Soc„  1877.) 

The  family  is  a  large  one,  monographed  by  Sharp  (On  Aquatic 
Carnivorous  Coleoptera)  ;  Regimbart  in  1899  revised  the  Eastern  forms 

(Ann.  Soc.  Ent.  France,  1899,  p.  186)  listing  140  "  Indian  "  species. 
Three  new  ones  collected  by  Maindron  were  added  (loc.  cit.,  1903,  p. 

333).    The  principal  genera  are  arranged  as    follows : — 
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I.  Hydroporides — 

1 .  Hydroporini^EjiTOTpOTMs,    4 ;    Hyphoporus,    9 ;     Hyphy- 
drus,  3  ;  Clypeodytes,  6 ;  Bidessus,  6  ;  Yola,  1. 

2.  Hifdrovatini.—H.yiTov&tvia,  15. 

3.  MpihlinL — ^Methles  indicua,  Reg. 

II.  NOTERIDES— 

Hydrocoptus,  4  ;  Canthydrus,  G ;  Hydrocanthus  indicus,  We. 

in.     LACOOPHILIDKa — 

Laccophilus,  15  ;  Neptosternus,  2. 

1 V.    Dytiscides— 

1.  Colymhetini. — Agabus,  10  ;    Platjoiectes,  3  ;  Lacconectes,  5  ; 
Copelatus,  7  ;  Rhantus,  5  ; 

2.  Z?yrfa<«icw?.— Prodaticus  pictus,  Slip. ;  Hydaticus,  8. 
3.  Thermonectini. — SandracottuB,  3. 

4.  Eretini. — Eretes  sticticus,  Linn. 

5.  Cyhistini. — Cybister,  17. 

Hyphoporus  includes  small  oval  thickset  beetles  found  widespread 

in  wells  and  tanks.  H.  aper,  Shp.,  appears  to  be  the  commonest  plains' 
species.  Copelatus  indicm,  Shp.,  is  a  small  dark  insect,  abundant  in 
rice  fields  and  found  under  the  bark  of  trees  during  the  time  when  the 

fields  are  dried  up.  Hydaticus  Fahricii,  Mch.,  and  H.  vittaius,  Pabr., 

are  the  commonest  plains  species  of  this  genus,  medium  sized  brown 

insects  found  in  tanks.  Sandracottus  Dejeani,  Aub.,  is  widespread  and 
abundant  in  wells  and  tanks,  a  handsome  black  and  brown  mottled 

insect  of  moderate  size. 

Eretes  (Bunectes)  sticticus,  Linn.,  is  also  extremely  abundant  and 

common  ;  its  larva  feeds  on  Cvlex  larva-.  Cybister  includes  the  large 
forms  which  take  the  place  of  the  European  Dytiscus ;  Cybister  confusus, 

Shp.,  is  the  large  black  water  beetle  with  the  lateral  brown  stripe 

found  in  fresh  water  in  the  plains.  C.  tripunctaius,  01.  var.  asiaticus, 

Shp.,  is  smaller,  also  abundant  in  rice  fields  and  tanks. 
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INSECTS  AS  POOD. 

It  IS  a  matter  of  daily  observation  that  many  birds  and  some  mam- 
mals find  that  insects  are  an  excellent  food  and  one  may  wonder  that 

man  has  not  found  this  also.  But  in  nothing  are  the  vagaries  and 
capnces  of  man  better  shown  than  in  what  he  will  and  will  not  eat, 
and  so  a  very  large  supply  of  food  has,  and  apparently  will,  daily  perish. 

Herbivorous  insects  live  in  exactly  the  way  a  herbivorous  mammal 
such  as  a  sheep  does,  feeding  on  the  tissues  of  dry  or  green  plants  and transforming  them  into  animal  tissues,  which  differ  little  from  the  tis- 

sues of  a  mammal  or  bird  and  are  but  the  concentrated  nourishment  of 
the  living  plant ;  only  in  many  cases  they  do  so  far  more  quickly  and 
are  far  easier  and  quicker  to  rear  in  large  quantities.  Why  then  are 
they  not  more  eaten  ?  It  is  pure  caprice  and  we  know  that  many  insects 
are  excellent  and  nourishing  food.  Unfortunately,  there  are  not  the 
data  available  to  really  deal  with  this  subject ;  in  times  of  scarcity  all 
the  world  over  men  have  turned  to  insects  and  travellers  have  recorded 
the  insects  eaten  and  the  expertness  of  the  little-civilised  portion  of 
mankind  in  finding  them ;  but  the  subject  rests  in  darkness  precisely 
because  the  people  who  practise  this  habit  are  not  those  of  whom  much 
is  known  or  whom  civilisation  reaches ;  we  fear  that  the  spread  of  civi- 

lisation will  lead  to  the  total  abolition  of  these  interesting  practices 
before  we  know  about  them,  to  the  detriment  of  a  later  generation  which 
will  have  to  rediscover  by  experiment  which  are  and  which  are  not,  good 
to  eat ;  unless  they  adopt  the  "  monkey  "  test.  It  is  stated  in  books that  what  a  monkey  will  eat  is  good  food  for  man  ;  it  is  certain  that 
monkeys  eat  insects  with  avidity  excepting  the  extremely  nauseous 
ones  with  warning  colouring.  Mankind  eats  many  curious  things,  in- 

cluding oysters,  shrimps,  whelks  and  cockles,  dried  sea  slugs  (Holothu- 
rians),  and  birds'  nests  ;  the  most  civilised  nation  is  addicted  to  eating snails,  even  uncooked ;  and  yet  there  is  an  absurd  prejudice  against 
insects,  not  universal,  but  certainly  covering  the  more  civilised  portions 
of  mankind.  We  may  doubt  if  the  deterioration  in  natural  instincts 
that  civilisation  brings  is  not  revealed  in  the  races  that  eat  so  nauseous, 
deadly  and  unappetising  a  thing  as  an  oyster  and  refuse  to  consider 
a  nice  clean  white  termite  queen  or  a  dish  of  locusts. 

Among  the  few  items  of  Entomology  of  this  kind,  the  fact  is  on 
r«3ord  that  in  Assam,  the  large  bugs  of  the  genus  Aspongopus  are  eaten 
with  nee ;  m  Burmah,  the  red  ant  ((EcophyUa  smaragdim)  is  reported 
to  be  a  delicacy,  its  pungent  flavour  relieving  the  monotony  of  the  daily 
fare.  Locusts  are  appreciated  in  many  parts  of  India  and  it  is  said  that 
dried  locusts  form  an  ingredient  of  curries  even  in  Calcutta,  where  a 
locust  swam  is  looked  on  as  a  providential  occurrence.  In  Burmah, 
the  larvae  of  an  aquatic  beetle  are  collected  and  eaten  ;  this  is  the 
beetle,  Eretea  (Eunectes)  aicticus,  apparently  the  commonest  species 
of  DytiflcidsB  in  India.  The  following  observations  of  this  insect  in 
iJurmah,  are  by  J.  Carey,  Esq.,  Sub-Divisional  Officer  :— 
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"  An  insect  called  the  Twinpo  (literally  insect  found  in  pits  m 
hollows)  is  found  in  Twinywa,  a  village  about  H  miles  west  of  Budalin, 
situated  in  a  large  depression  presumably  caused  by  volcanic  eruption. 
The  long  slender  specimens  without  wings  (Fig.  155),  are  the  young 
insects  :  the  oval  shaped  ones  with  wings  are  the  fully  developed  insects 
(Fig.  155).  They  live  and  thiive  in  the  waters  of  the  lake  in  the  middle 
of  the  depression.  The  waters  of  this  lake  are  slightly  salt  and  bitter. 
Among  the  developed  insects,  the  male  can  be  distinguished  from  the 
female  by  the  circular  extremities  of  its  front  legs.  Besides  the  male  is 
generally  smaller  than  the  female.  The  fully  developed  insects  are 
seen  only  after  a  shower  of  rain,  when  the  lake  is  simply  agitated  by 
their  movements.  This  is  a  sign  that  breeding  is  going  to  take  place ; 
for  soon  after  the  shower  the  insects  creep  on  to  the  land  and  remain 

embedded  in  the  mud  about  three  or  four  feet  away  from  the  water's 
edge.  Whilst  remaining  in  the  mud  with  their  heads  sUghtly  exposed, 

they  lay  eggs  from  which  the  slender  needle-shaped  insects  without 
wings  are  found,  on  the  third  day.  The  young  insects  make  for  the 
water  as  soon  as  they  are  formed,  and  after  twenty  days  reappear  still 
retaining  their  original  slender  form,  but  slightly  larger  in  size.  They 
are  then  of  the  same  shape  and  size  as  the  samples.  An  soon  as 
these  young  insects  appear  they  make  for  the  land  and  remain 
entirely  embedded  in  the  earth  at  a  distance  of  about  fifteen  feet  from 

the  water's  edge ;  the  young  insect  remains  hidden  in  the  ground  for 
ten  days  and  after  that  })eriod  it  emerges  from  the  ground  entirely 
transformed— instead  of  the  needle-shaped  insect  devoid  of  wings,  there 
appears  from  the  ground  an  oval -shaped  insect,  possessed  of  a  pair  of 
wings.  The  insect  returns  to  the  lake  as  soon  as  it  is  fully 
developed. 

''The  fully  developed  insects  are  caught  at  the  water's  edge  when 
they  are  creeping  up  the  land  to  the  mud.  The  undeveloped  slender 
ones  are  caught  at  the  edge  of  the  water  when  they  creep  up  to  the  land 
to  go  through  the  process  of  transformation.  The  insect  is  eaten  in 

both  forms  and  is  considered  a  delicacy  by  the  Burman." 

Termite  queens  are  also  eaten  in  some  places  in  India  as  in  Africa, 

and  we  can  imagine  no  more  daintv  or  tempting  morsel  than  such  an 

insect,  which  is  most  carefully  fed  and  tended  and  which  presents  a  most 

pleasing  appearance.  In  some  parts  of  South  India,  every  boy  of  an 

age  of  12  to  14  is  said  to  be  given  a  termite  que  n  to  eat,  after  which  he 

runs  a  distance  of  two  or  more  miles ;  having  once  done  this  he  will  be 

able  thereafter  to  endure  fatigue  and  run  well.  The  larg?  fat  grubs 

of  Oryctes  are  also  eaten,  and  probably  many  other  similar  insects.  It 

is  said  to  be  a  common  practice  among  tribes  in  the  wilder  parts  of  India 

to  eat  the  larvse  and  pupoc  of  the  big  jungle  bee,  Apis  dorsata,  found  in 
the  combs.  So  also  rearers  of  wild  silk  such  as  tB.s&a.T  (Anthema  paphia) 

are  known  to  regard  the  pupae  in  the  cocoon  as  a  delicacy  and  to  eat  it when  the  silk  has  been  reeled  ofE. 
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and  wlien  they  wish  to  carry  their  luxury  to  an  extreme,  they  give  them 
but  a  single  boil  in  water,  and  afterwards  fry  them  in  butter.  The 
inhabitants  of  Morocco  dry  them  on  the  roofs  of  terraces  of  their  houses 
and  eat  them  either  smoked  or  broiled  or  boiled.  Other  people  of  Bar- 
bary  preserve  them  in  pickle.  According  to  Forsksel,  there  is  no  great 
relish  in  this  aliment,  and  if  used  to  too  great  a  degree,  it  thickens  the 

blood,  and  becomes  injurious  to  melancholic  temperaments." 

That  the  art  of  cooking  insects  is  not  extinct  is  shown  by  the  fol- 

lowing extract  from  Harry  Roberts'  "  The  Tramp's  Handbook  "  (1903, 
p.  121 ).  "  The  larv*  of  cockchafere  fried  with  a  little  salt  and  pepper 
are  not  to  be  despised,  and  many  of  our  common  caterpillars — ^including 
those  of  the  cabbage  white  butterfly  and  of  the  currant  moth — may  be 

cooked  in  the  same  way." 

The  cabbage  white  butterfly  is  our  Pieris  hrassico',  abundant  occa- 
sionally  in  Behar  in  April;  this  insect  may  then  prove  to  be  a 
blessing  in  disguise. 

Halipliu^. 

Posterior  coxw  produced  behind  in  a    plate  partlij  covering/  tJie  ahdo- 

mien.    Antennw  bare,  ten-jointed. 

A  small  family  distinct  by  the  coxa-  from  Carabidai  and  Dytineidx. 
The  antenntc  are  ten-jointed,  inserted  near  the  eyes  ;  the  scutellum  is 

absent ;  the  tarsi  are  narrow  as  in 

Carabidse,  and  not  formed  for  swim- 

ming ;  in  the  males  the  basal  three 

joints  in  the  anterior  legs  are  slightly 
dilated.  These  small  beetles  are 

foimd  in  fresh  water,  such  as  ponds 

and  streams ;  they  have  a  habit  of 

coming  out  to  gather  on  plants  near 

the  water  and  may  sometimes  be 

captured  in  numbers.  No  Indian 

species  seems  to  have  been  reared  and 

but  a  very  few  species  are  known  from 

India  at  all.  Cardon's  collections 

yielded  Haliphts  pulchellus,  CI.,  and 

H.  amjustifrons,  Reg.    The  latter  is  a 

small  yellow  brown  insect   with  black   speckles,    found  also  at  light. 
(Plate  XVI,  fig.  10.) 

Fig.  156.— HAUPLUS  AN0U8TIFK0NB, 
VENTRAL  VIEW  OV  ABDOMEN  TO 

SHOW  THE  LARGE  PLATE-LIKE 
OOX*. 
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These  are  all  the  instances  we  have  been  able  to  gather  in  India ; 
notable  cases  elsewhere  are  the  egg  masses  of  Notonecta  in  Mexico,  and 
the  Grugru  worm  of  the  West  Indies;  we  can  vouch  for  the  excellence 
of  the  latter,  which  are  the  larvae  of  the  Palm  Weevil ,  Rhynchophorus 
palmarum:  these  are  eaten  raw  or  cooked.  Eaton  records  that  in 
Nyassaland,  a  paste  of  Mayflies  and  Culicidm  is  eaten  under  the  name 

of  "Kungu."  The  Mayfly  is  CcBnis  kungu,  Etn.  (Monogr.  Rec.  Ephem., 
p.  148).  A  species  of  Elmis  [Pamidw)  is  used  as  a  relish  in  Peru 
according  to  Philippi  (Stett.  Ent.  Zeit.,  1864,  p.  93). 

The  reader  should  consult  Wallace's  article  "On  the  Insects  used 
as  food  by  the  Indians  of  the  Amazon"  (Trans.  Ent.  Soc,  London, 
1854,  p.  241).  He  mentions  five  insects  belonging  to  distinct  orders 
which  are  used  as  food ;  the  female  of  an  ant  called  Sauba  (Atta  ce-pha- 
lotes,  Latr.)  is  captured  "  in  basketfuls  "  when  it  swarms  out  of  the 
nests ;  Wallace  remarks  "  it  is  rather  a  singular  sight  to  see  for  the  first 
time  an  Indian  taking  his  breakfast  in  the  Sauba  season.  He  opens  the 
basket  and  as  the  great  winged  ants  crawl  slowly  out,  he  picks  them  up 
carefully  and  transfers  them  with  alternate  handfuls  of  farina  (Cassava 

meal)  to  his  mouth."  The  worker  of  a  termite  (Termes  flavicolle, 
Perty)  is  eaten  on  account  of  the  mass  of  muscle  in  the  head  and  thorax, 
a  Homopterous  insect  {Umbonia  spinosa)  is  eaten  roasted,  as  well  as 
the  grub  of  the  Pahn  Weevil  {RhyncJwphorus  palmarum) ;  finally  Wal- 

lace's last  paragraph  is  worth  quoting  entire,  as  it  might  quite  correctly 
have  been  written  in  some  parts  of  India.  "  The  apterous  insect  which 
is  eaten  by  the  South  American  Indians,  more,  I  presume,  as  a  delicacy 
than  as  an  article  of  food,  is  a  species  of  Pediculus  which  inhabits  the 
head  of  that  variety  of  mankind.  The  method  of  capturing  and  de- 

vouring this  insect  is  exactly  the  same  as  that  which  everyone  has  seen 
adopted  by  the  monkeys  at  the  gardens  of  the  Zoological  Society. 
A  couple  of  Indian  belles  will  often  devote  a  spare  half  hour  to  Entomo- 

logical researches  in  each  other's  glossy  tresses,  every  capture  being 
immediately  transferred  to  the  mouth  of  the  operator." 

The  following  extract  from  Cuvier's  Natural  History  refers  to  the 
Migratory  Locust  (Schistocerca  peregrinum) : — 

"  Some  people  of  Arabia  and  of  some  other  countries  of  the  East, 
take  them  in  great  quantities,  have  them  dried,  ground  and  made 
into  a  sort  of  bread,  when  their  crops  have  failed.  At  Bagdad,  they 
are  brought  to  market  and  by  this  means  the  price  of  other  provisions  is 
said  to  be  considerably  lowered.  According  to  report,  the  locusts  have 
something  of  the  flavour  of  a  pigeon.  One  man  can  easily  despatch  two 
hundred  of  them  at  a  meal.  The  modes  of  cooking  them  are  various.  The 
Bedouins  of  Egypt  roast  them  altve  upon  the  coals,  and  eat  them  as  a 
great  delicacy,  having  first  removed  the  wings  and  feet.  They  also 
remove,  at  least  in  some  places,  the  intestines.  The  women  and 
children  of  some  parts  of  Arabia  Felix,  string  them  together,  and  thus 
sell  them.    The  Arabs  roast  these  insects   and  steep  them  in  butter, 
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insects.  The  pupa  is  in  a  papery  cocoon  fixed  to  water  plants.  The 

adult  lives  on  the  surface  of  the  water,  the  broad  paddles  propelling  it 
swiftly  along  the  surface,  where  it  feeds  on  small  insects  which  it  finds 

near  the  margin.  Numbers  may  be  seen  on  the  margins  of  fairly  still 

water,  continually  describing  complicated  movements  togethei' ;  when 
alarmed,  they  plimge  below  the  surface  of  the  water,  carrying  a  bubble 

of  air  attached  to  the  hind  end.  Some  species  are  confined  to  smooth 
still  water,  others  to  swift  mountain  streams.  All  are  unable  to  walk 

on  land  and  they  are  found  away  from  water  only  when  flying  at  night, 

when  they  come  to  light.  The  family  has  no  economic  importance 

and  has  been  little  studied  ;  nothing  is  known  of  their  hibernation, 
enemies  and  the  like. 

Regimbart's  latest  monograph  {Genera  Insectorum)  enumerates  34 
Indian  species,  in  the  genera  Dineutes  (4),  Aulonogyrus  (1),  Gyrinvs  (2). 

Oredocheilus  (27).  Orectocheilus  gangeticus,  Reg.,  is  the  common  plains' 
species,  a  medium  sized  black  species  found  abundantly  at  the  margin 

of  rivers.  Dineutes  indicus,  Aube.,  is  a  larger  insect  found  on  streams 

and  stagnant  water  both  in  the  plains  and  in  the  hills. 

POLYMORPHA 

If  we  omit  the  large  distinct,  series  of  beetles  the  Lamellicomia, 
Adephaga,  Pht/fophaga,  Rhijnchophora  and  Ueteromera,  there  remains 
a  great  assemblage  of  beetles,  many  of  which  fall  intc  well  marked 
families,  but  a  proportion  of  whicli  are  extremely  difficult  to  unite 
into  natural  families.  Especially  is  this  the  case  with  the  numer- 

ous forms  which  Uve  in  decaying  wood,  under  the  bark  of  trees,  or  in 
mushrooms ;  these  beetles  are  imperfectly  known,  their  structural  charac- 

ters are  very  varied  and  no  simple  and  accurate  method  of  classing  them 
has  yet  been  arrived  at,  largely  through  the  fact  that  but  few  are  known. 
This,  while  true  of  these  insects  as  a  whole,  is  still  more  the  case  with 
the  Indian  forms,  of  which  scarcely  anything  is  known.  Nominally  these 
beetles  fall  into  two  series,  those  with  antennee  distinctly  clavate,  those 
with  antennae  distinctly  serrate  ;  but  many  which  have  other  structural 
affinities  with  one  series  have  not  clubbed  or  serrate  antennee :  their  tarsal 

characters  vary  in  even  what  are  regarded  as  the  limits  of  a  family 
or  sub-family ;  and  actually  many  famiUes  are  characterised  by  such  a 
number  of  characters  relating  to  the  trophi,  antennae,  coxa",  tarsi,  ven- 

tral abdominal  segments  and  the  like  that  the  diagnosis  to  be  of  any  use 
must  be  extremely  full  and  detailed,  occupying  far  more  space  than  is 



28^  OOIiEOPTERA. 

available  here.  While  we  have  given  a  brief  diagnosis  of  the  families 
we  know  to  be  represented  in  India,  we  are  not  sanguine  that  the  stu- 

dent will  place  every  beetle  in  its  family  by  consulting  these  diagnoses. 
Some  of  the  larger  families  are  distinct  enough ;  for  the  rest  if  the  char- 

acters obviously  agree  with  any  diagnosis,  the  beetle  can  probably  be 
placed  provisionally  in  that  family  ;  if,  as  in  many  cases,  the  student 
abandons  the  task  as  hopeless,  there  is  no  remedy  but  to  consult  some 
work  in  which  the  diagnoses  are  given  in  fuller  detail. 

Actually  a  large  majority  of  the  smaller  obscurer  Polymorphous 
beetles  found  will  undoubtedly  be  new  and  while  their  characters  may 
agree  with  known  genera,  they  are  likely  not  to  and  we  must  anticipate 
the  formation  of  new  groups  of  beetles  when  our  fauna  is  better  studied. 
Finally  in  this  heterogeneous  group  above  all,  a  good  reference  collec- 

tion is  essential  as  the  actual  interpretation  of  the  characters  and  their 
just  appreciation  is  no  easy  matter  and  is  only  to  be  gained  by  practice 
and  experience.  The  majority  of  the  following  families  can  usually 
be  distinguished,  so  far  as  known  Indian  forms  are  concerned  : — 

Hydrophilidce. — Anteimae  of  three  parts,  fitting  under  head ;  a 
sternal  spine  often.    Part  aquatic. 

Pselaphida. — Tarsi  three-jointed.  Elytra  truncate.  Abdomen  of 
7  or  less  segments,  not  mobile. 

Stafhylinidce. — Tarsi  three- jointed.  Elytra  truncate.  Abdomen 
7  or  8  mobile  ventral  segments. 

Sphceriidm. — Tarsi  three-jointed  Antennst)  clubbed.  Three  ventral 
segments. 

TricJutpterygidw. — Tarsi  three- jointed.  Wings  fringed  with  hairs. 
Very  minute  beetles. 

Coryhphidoe.. — Tarsi  four-jointed,  first  joint  very  small.  Wings 
hair-fringed.    Very  small. 

Scaphidiidw. — Tarsi  five-jointed.  Antenna*  with  the  five  apical 
joints  broadened. 

Histeridce. — ^Tarsi  five-jointed.  Elytra  truncate.  Short  clubbed 
anteimae.    Hard  compact  beetles. 

Phalacridw. — Tarai  five-jointed,  fourth  very  small.  Posterior 
C0X8B  contiguous. 

N'UidulidcB. — Tarsi  fivcjointed,  fourth  very  small.  Posterior 
coxse  not  contiguous.    Elytra  often  abbreviate  or  truncate. 

Trogoaitidce. — Tarsi  five-jointed,  first  very  small.  Anteima?  with 
apical  joints  broadened  on  one  side  only. 

Erotylidce. — Tarsi  five-jointed,  basal  three  broadened,  fourth  small, 
fifth  long  (c.f.  ChryaomelidoB).    Antennae  clubbed. 

Coccinellidw. — Tarsi  four- jointed,  third  very  small.  Antenna)  not 
clubbed. 
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Gyrinit)^. — Whirlujig  Beetles. 

AntenncB  short,  eijes  divided,  posterior  cox'P,  fixed,  posterior  legs  formed 

into  paddles.    Larva  aquatic,  im'ujo  on  surface  of  fresh  water. 

There  is  little  difficulty  in  recognising  members  of  this  family,  small 
shiny  beetles  which  move  in  incessant  activity  on  the  surface  of  streams 

and  tanks.  They  are  usually  of  a  black 

colour,  the  submerged  portion  pubescent, 

the  rest  sliiny.  The  head,  prothorax  and 

elytra  are  closely  fitted,  the  antennae  short 

and  inconspicuous,  inserted  in  a  groove 

in  front  of  the  eyes  :  the  head  is  well  de- 

veloped with  the  large  compoimd  eyes  divi- 
ded, so  that  one  part  is  in  the  water,  one 

part  in  the  air.  The  fore  legs  are  long  and 

slender,  the  tarsi  in  the  males  of  some  spe- 
cies dilated  to  form  a  plate  which  is  set 

below   with    little    suckers.    The  posterior 

legs  are  modified  to  serve  as  paddles,  the  femur  and  tibia  each  dilated 

into  broad  plates,  the  tarsal  jomts  forming  a  single  broad  plate.  The 

elytra  may  be  wholly  smooth  or  simply  sculptured,  or  the  ' '  submer- 

gence line  ' '  extends  along  it,  the  part  below  being  pubescent,  as  is  the 
ventral  surface  of  the  body.  A  foetid  liquid  is  excreted  by  these  beetles, 

presumably  as  a  protection. 

Nothing  appears  to  be  on  record  as  regards  the  life-history  of  any 

Indian  form  ;  elsewhere  the  known   larva-  are  aquatic,  living  in  fresh- 

Fig.  ]."l7.— DlNKt'TKN 
INDIODS. 

Fig.  158.— GxaiNiD  larva,  x  4. 

water  tanks  and  streams  near  or  at  the  bottom;  this  larva  has  lateral 

processes  on  each  abdominal  segment,  functioning  as  gills,  as  also  four 

apical  abdominal  hooks  and  is  active  and  predaceous  on  other  aquatic 
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EndomychidcB. — Tarsi  four- jointed,  third  very  small.  Anteun-f 
clubbed. 

Lathridiidce. — Tarsi  three-jointed.  Five  visible  ventral  segments 
(o.f.  Staphylinids). 

Dermestidce. — Tarsi  five- jointed.  Antenna-  short,  clubbed,  and 
hidden  in  a  groove  in  prothorax. 

Byrrhidce. — Tarsi  five-jointed  ;  small,  hard  compact  beetles,  tin- 
femora  fitting  into  the  coxae. 

Heteroceridcp. — Tarsi  four- jointed.  Antenn'-e  with  seven  apical  joints 
broadened.    Aquatic,  in  mud. 

Parnidcp. — Tarsi  five-jointed,  fifth  long.    Aquatic. 

Bostrichidce. — Usually  cylindrical,  hard,  and  rugose.  Tarsi  five- 
jointed,  basal  joint  small.    Antennse  often  serrate. 

Pfinida'. — Usually  cylindrical,  hard,  and  rugose.  Tarsi  five-jointed, 
basal  joint  not  small.     AntenniP  often  serrate. 

Malacodermidcp. — Soft  beetles,  with  (1,  7  or  8  ventral  segments, 
antennsf  pectinate  or  serrate. 

Elateridw. — AntenniP  pectinate  or  serrate  usually.  Prosternal  j)rocess. 
Hmd  angles  of  prothorax  prolonged  backwards,  prothorax  movable. 

Buprcstidw. — Antennae  serrate.  Prosternal  process,  pi'othorax  fixed. 
Tarsi  five-jointed,  basal  four  with  pads. 

HYr)RaPHiUD.T-. 

The  antenfWB  with   a  hmij  bdsal  joint ,  the  remainder  forminf/ a  dub,  th 

apical  joints  broadened,  fittiruj  below  the  head.     Tarsi 

five-jointed,  basal  joint  often  small. 

This  family  is  recognisable  by  the  antenna',  which  are  of  the  foim 

figured  (fig.  J37),  the  broader  apical  joints  being  pubescent.  They  con- 
sist of  a  basal  joint,  a  club  of  three  lo  five 

joints  and  one  to  three  small  intermediate 

joints.  They  often  bear  a  general  resem- 
blance to  Dytiscidm,  the  aquatic  forms  having 

a  similar  oval  form  but  being  less  compact. 

The  terrestrial  forms  are  more  globose  and 

rounded,  but  with  the  general  facies  of  the 

family.  They  are  black  or  dull- coloured 
insects,  generally  less  than  half  an  inch 

long.  The  head,  prothorax  and  elytra  fit 

closely,  and  are  usually  smooth  and  shin- 

^"'- ^'^lTv^oeus.'""""        ing-     In    the   aquatic     species,   the    hmd 
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legs  are  slightly  flattened  and  set  with   hairs,   so   as   to  render  them 
capable  of  acting  as  paddles. 

The  life-history  of  no  Indian  species  has  been  worked  out  and 

nothing  appears  to  be  on  record.  The  life-history  of  aquatic  species  else- 
where is  known  and  the  student  should 

consult  Miall's  "Aquatic  Insects."  The 
eggs  are  laid  in  a  case  formed  of  filaments 
excreted  from  the  silk  tubes  at  the  anus  of 

the  female  beetle;  this  case  is  hollow  and 

has  a  projecting  process  like  a  mast ;  it  is 

fixed  to  aquatic  plants  at  the  surface  of  the 

water.  The  young  are  similar  in  general 

form  to  those  of  the  Dytiscids  (the  tarsus 

with  one  claw)  and  also  predaceous;  air  is 

obtained  by  bringing  the  large  spiracles  at 

the  hind  end  of  the  body  to  the  surface. 

Pupation  takes  place  in  the  mud.  The 

beetles  swim  actively  and  obtain  air  by 

coming  to  the  surface  head  up,  the  air  being 

contained  on  the  lower  surface  of  the  body 

and  communicating  with  the  cavity  in  which 

the  antenna  lies ,  when  the  head  comes  up,  the  air  supply  is  in 
contact  with  the  atmosphere  through  this  chaxmel  and  is  renewed. 

The  beetles  are  principally  vegetarian  and  not  predaceous.  Only  a 

part  are  aquatic,  some  being  found  in  mud ,  near  streams  and  ponds, 
under  the  bark  of  trees  and  in  dung. 

The  family  is  a  moderately  large  one,  divided  into  five  sub-families 

as  follows  : — 

I.    Basal  joint  of  posterior  tarsi  short,  second 
long. 

(a)  Posterior   tarsi   formed   for   swimming. 

A  sternal  process  present  . .     Hydrophilince. 

(aa)  Posterior  tarsi  *  normal.    No   sternal 

process  . .  , .  . .     UydrobiincB. 

XL    Four  basal  joints  of  posterior  taisi  short 

and  equal  . .  . .  . .    SpercheinoB. 

Pig.  160.  -HYr>ROPHiu's 
PIC'EVS  LARVA. 

(After  rfiapuif.) 
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III.    First  basal  joint  of  posterior  tarsi  very 

short,  rest  short  and  equal    . .  . .     Helophorinop. 

TV.  First  basal  joint  of  posterior  tarsi  elon- 
gate    . .  . .  . .  . .     Sphcpridiinw. 

Regimbart's  papers  (Ann.  Soc.  Ent.,  France  nK)3,  p  .  .')2  and 

p.  .331),  should  be  consulted  for  descriptions.  The  HydropMUnoe  are 

aquatic  and  eighteen  Indian  species  were  listed  by  Atkinson,  7  having  been 

since  described.  Hydrophilus  includes  among  several  species  the  com- 

mon species  H.  olimceus,  Fabr.  ;  this  may  be  found  in  tanks  and  should 

be  handled  cautiously  on  account  of  the  large  spine  projecting  from  the 

sternum  beyond  the  hind  coxsp.  The  European  H.  firms,  Linn.,  is  not 

an  Indian  species  properly,  though  captured  in  the  Himalayas 

Hydrous  has  the  sternal  spine  shorter  and  a  double  keel.  The  larger  forms 

of  these  two  genera  are  revised  by  Regimbart  under  the  same  Stethoxus 

and  Dibelocelus  :  (Ann.  Soc.  Ent.,  France,  ]9()1,  p.  188).  Out  of  forty 

species  the  seven  following  are  given  as  '  'Indian : ' ' 

H.  senegalensis,  Perch.  ;  H.  olivaceus.  Fabr.  ;  H.  cashmirmsis, 

Redt.  ;  H.  rufoinctus,  Bedel. ;  H.  indicus,  Bedel.  ;  H.  acnminaius. 

Mots.  ;  H.  piceus,  Linn. 

These  larger  forms  can  be  identified  from  this  paper,  but  the  student 
must  remember  that  the  smaller  forms  are  still  listed  under  Hydrophilus. 

Hydrobiince. — These  include  the  smaller  aquatic  beetles  which  are 

found  in  water,  but  which  crawl  along  the  bottom  near  the  edge  rather 

than  swim  freely.  The  females  lay  eggs  m  cases  fixed  to  plants  or  which 

they  carry  with  them.    The  larvsp  are  predaceous. 

Philhydrus  nigriceps,  Westw.,  is  common  and  widespread.  Berosus, 

deerescens,  Wlk.,  is  a  small  species  found  in  tanks.  Berosus  indicus 

Motsch.,  Brachyiiaster  indica,  Muls.,  and  B.  metallescens,  Muls.,  are 

recorded.    Globaria  leachi,  Latr.,   represents  this  genus. 

Spercheinw.—^o  far  as  known,  these  are  aquatic,  their  larvae  preda- 

ceous in  stagnant  water.  Spercheus  is  the  common  genus  but  none  are 

known  in  India. 

Helophorince.— Not  strictly  aquatic  but  living  in  mud  ;  Hydrosus 

Unodosus,  MotBch.,  H.  opacus,  Motsch.,  and  H.  violaceomicam,  Motsch., 

are  the  recorded  representatives  of  this  group. 
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Sphcmdiince. — Terrestrial  beetles,  except  Cychnotum,  which  is 

aquatic.  C.  orbicvlare,  Fabr..  occurs  in  India,  as  also  Europe. 

C.  pu'peme,  Deg.,  and  C.  abdominale,  Fabr.,  also  occur. 

Sphceridium  5  maculatum,  Fabr.,  is  common  in  the  plains,  a  small 

black  and  brown  species.  Cercijon  is  well  represented  in  Ceylon  and  by 
five  Indian  species.    Pachysternum  apiaium,  Motsch,  also  occurs. 

SlLPHID^. 

Antennce  usually  clubbed.    Abdomen  of  five  or  six  segments,  free.  Eyes 
finely  granulated.    Tarsi  of  four  or  five  joints.    Anterior 

mxce  conical  and  contiguous. 

A  larger  family  of  beetles  of  varied  form,  usually  of  small  size.  The 

elytra  are  sometimes  trimcate,  exposing  the  apex  of  the  abdomen,  but 

usually  cover  the  whole  abdomen.  The 

posterior  coxse  are  contiguous.  The 

iaiown  larvae  are  flat,  tapering  to  the 

hind  end,  with  a  pair  of  anal  cerci  and  a 
distinct  labrum ;  no  Indian  laivje  are 

known.  The  beetles  have,  in  general, 

similar  habits  to  the  Staphylinids  but  a 
few  (Necrophorus, 

etc.)  of  the  larger 

are   the  so-called 

Sexton  or  Bury. 
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Necrophorus  is  represented  by  N.  nepalmsis. 

Ho.,  in  the  Himalayas,  and  N.  encaustus,  Fairm., 

from  Simla.    Necrodes  osculans,  Nig.,  is  Indian, 

Ki({.   161.— SiLI'HA  TKTRAKPII.OTA 

Fig.   ie2.-NECB0DEH 
UTTOKAUK  ;  LAKVA. 

{Aflof  Charmi*,) 
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as  are  7  species  of  Silpha,  of  which  S.  tetraapilota,  Fabr.  (fig.  161),  is 
not  uncommon  in  the  plains.  Nodynus  nitidus,  Ho.,  Apatetira  lebioides, 
Ho.,  Choleva  vestita,  Murr.  and  Aclypea  sculpturata,  (irouv.,  are  the 

remaining  species.  Portevin  has  recently  described  eleven  new  species 
(and  four  new  genera)  from  the  collection  made  by  Mons.  Harmand  at 

Darjeeling.     (Ann.  Roc.  Ent.,  France,  1904.  IJJO.'i.) 

Apatetwa  lebioides,  Westw.,  is  described  and  figured  from  the 

Himalayas  (Cab.  Or.  Entom.  PI.  XLl,  fig.  9).  It  is  in  appearance  a 

Carabid,  and  with  its  ally  Pteroloma  was  formerly  placed  in  the  Cara- 
hidcR. 

SCYDMi^NID.*. 

Elytra  covering  the  abdomen,  which  is  six-jointed  below.    Eyes  coarsely 

granulated.     Tarsi  five-jointed. 

This  family  includes  small,  usually  winged  beetles,  of  brown  colour, 
covered  with  erect  hairs,  and  in  structure  closely  allied  to  the  last  family 

from  which  they  differ  in  the  eyes  and  the  more  conical  form.  They  aie 

found  in  ants'  nests,  in  decaying  vegetation,  under  bark,  etc.,  and  are 
probably  largely  predaceous,  though  there  are  few  actual  records  of  the 

food.  The  14  known  Indian  species  belong  to  the  genera  Scydma-nus 
(9),  Syrdi^us  ( I )  and  Eumicrus  (5) :  they  are  of  no  economic  importance 
whatever,  are  only  seldom  found  and  are  never  abundant. 

PrELAPHIDjB. 

El'ytra  short :  abdomen  of  five  {rarely  six)  ventral  segments  ;  maxil- 

lary palpi  large  and  tarsi  three-jointed. 

An  extensive  family  of  small  beetles,  imperfectly  known.  It  differs 

from  the  next  chiefly  in  the  abdomen.  The  colours  are  sombre,  brown 

predominating.  The  beetles  are  known  to  be  predaceous  on  small  forms 

of  life,  such  as  mites  and  in  some  cases  (Claviger)  are  myrmecophilous ; 

the  family  is  widely  spread  but  little  known.  Two  sub-families  are  recog- 

nised, Pselaphides  with  many  genera,  Clavigerides  with  few.  The 

family  are  of  no  importance  economically  and  our  knowledge  of  Indian 
forms  must  remain  small  until  Indian  beetles  are  far  more  carefully 
collected. 
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Raffray  has  catalogued  the  known  species  (Ann.  8oc.  Ent.  Francc- 
1903-1904,   and  Genera    Inseotorum,  1907).    He    lists  53  Pselaphines 

and  one  Clavigerine  as  occurring  "  in  India," 
the  majority  having  been  found  in  Ceylon 
and  Burma.    (No  less  than  sixty  additional 

Indian  species  are  characterised  by  Raffray 

as    "species    mentioned    by  Motschoulsky 
but  not    "described;"    these  are  included 

in  Atkinson's    catalogue    but  are  not  valid 
species).    Raffray  has  since  described  nine 

species  from  the  Nilgiris  and  Belgaum  (Ann. 

Soc.  Ent.  Beige, -52,  205).    We  have  found 

one  species  in  an  ant's  nest  (Myrmecocyslus 
setipes)  in  Behar;  the   only  known  Indian 

Clavigerine    beetle    is     Mastiger    ahrwptm,  Fig.  163.-DiNOFrBRve 

Mots!,  described  as  from  Calcutta.  ,ir''°»'f'''  > '  {Afttr  Rat  ray.) 

STAPHYLiNiDiE. — Rove  Beetles. 

The  elytra  tranche  and  covering  only  the  bane  of  the  abdomen,  which 
is  long  unth  ten  dorsal  and  at  hast  seven  visible  ventral  segments. 

Tarsi  variable,  three,  four  or  five-jointed. 

In  this  family  are  small  beetles,  rarely  exceeding  one-quarter  of  an 
inch  in  length,  usually  recognisable  in  the  field  from  all  but  Nitidulidce. 
The  colours  are  usually  sombre,  browns  and  blacks  as  in  most  surface 

insects,  while  a  few  which  live  openly  on  plants  exhibit  a  brighter 

colouring  (e.g.,  Pcederus). 

The  antenna>  are  of  moderate  length,  simple,  the  head  large  with 
short  biting  trophi ;  the  prothorax  is  distinct,  the  sides  of  the  body 
more  or  less  parallel  and  the  abdomen  long,  tapering  and  flexible.  The 

large  folded  wings  are  concealed  under  the  small  truncate  elytra,  which 
meet  in  a  straight  line  in  the  middle  over  the  base  of  the  abdomen. 

The  legs  are  short,  formsd  for  rapid  running ;  the  tarsi  are  often 

three-jointed,  in  some  four  or  five-jointed  throughout,  and  in  a  number 

the  fore  tarsi  are  four-jointed,  the  posterior  tarsi  with  five  pairs  of  joints. 
The  integument  is  less  thickened  and  hardened  than  in  most  beetles, 

the  abdominal  segments  are  mobile  and  readily  turn  up,  suggesting  the 
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ForficulidcB  which  these  beetles  much  resemble  at  first  sight.  The  tip 

of  the  abdomen  is  curled  upwards  over  the  dorsum  to  assist  in  packing 

away  the  wings  under  the  small  elytra  after  flight. 

Nothing  is  on  record  as  to  the  life-historj'   of  Indian  species.    In 

general  the  larvae  resemble    the  imagines  in  general  form,  with  large 

Fig.  16*.— Lkikocraspe 
DCM   PULCHKLLUM. 

[From  Kruatz.) 

Fig.  105.— LRnooHiBUs  mandibiii.akis 
LAK\A    (I.BFT)  ■  HOI.OSlTh   TACIIINIFOKMIS. 

(Fiom  Kiual,,) 

heads,  shorter  antennue  and  prominent  mandibles  :  the  body  tapers 
 and 

is  provided  with  two  dorsal  processes  and  a  short  anal  tube.  
The  latter 

assists  in  locomotion  much  as  the  anal  prolegs  of  a  caterpill
ar.  The 

larval  habits  are  probably  similar  to  those  of  the  imagines,  though 
 the 

larv*  live  a  more  retired  Ufe  and  are  not  readily  found.  The
y  form 

par  t  of  that  great  fauna  which  lives  on  the  surface  of  
the  soil  in  conceal- 

ment, and  of  whose  habits  we  are  profoundly  ignorant.  The
  study 

of  the  habits  of  this  immense  fauna  is  far  less  advanced  th
an  that,  for 

instance,  of  the  plant  feeding  species  and  there  is  
here  an  imnMnse 

field  for  research. 

1« 
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The  beetles  have  a  variety  of  habits,  feeding  on    decaying  vege- 

tation, decaying  animal  matter,  small  insects  and  probably  other  small 

Fig.  167.— Heai>  of  larva 
Fig.'  166.— Staphyli  qp  htaph  yunus  chlohoi-- NUSCHLOROPTRRrs.  TKRUS. 
I-^^VA.  (Afttr  Pen-it). 

{AJUr  Ptrris). 

forms  of  life.  A  few  frequent  plants  for  the  purpose  of  obtaining  plant 
sap  or  pollen.  Rome  live  upon  fungi  and  none  are  known  to  be  feeders 

on  living  plant  tissues  or  directly  injurious.  They  are,  on  the  whole, 
scavengers,  with  a  tendencv  to  being  predatory.  Exceptional  species 

have  been  found  in  ant's  nests,  and  there  are  probably  a  considerable 
number  of  these  Myrmecophilous  forms  in  India.  The  larger  forms  can 
exsert  two  vesicles  from  the   hind  end ,  which  set  free  a  noisome  fluid. 

The  family  is  a  very  large  one,  not  much  studied.  Atkinson  lists 

286  Indian  species  and  over  60  have  been  since  described.  The  papers 
of  Motschulsky  and  Kraatz  prior  to  the  Munich  Catalogue,  and  those 

of  Fauvel  and  Eppelsheim  more  recently,  contain  the  descriptions  of 

most  of  our  species.  Wassman  has  described  the  Mjn-mecophilous 
forms.  We  figure  the  large  Staphylinus  semipurpureus,  a  giant  among 
the  species  of  this  family  found  in  the  moister  parts  of  India. 

The  only  common  genus  likely  to  attract  attention  in  the  plains  is 
Pcederus  which  includes  several  small  species  coloured  in  dull  red  and 

blue,  which  are  common  on  plants  and  run  actively  about  on  crops. 
Biey  have  been  seen  to  feed  on  pollen  but  have  not  been  found  to  be 

injurious    and    at    times  they    are  certainly    predaceous    on    small 
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insects  ;   m  one   instance   they  fed  upon  the  egg  masses  of   Caradrina 
exigua  and  destroyed  large  numbers. 

Fig.  l«8.— Myrmrdonia 
LJSVKJATA  KK. 

(From  Kraniz). 

Fig.  169.— Staphyunuk  semii'UR- PUREU8. 

Collectirk/.  Staphylinids  are  found  most  readily  by  searching  in 
damp  decaying  vegetation,  in  rotting  fruits,  under  stones,  at  small 
carcases  ;  many  come  to  light  and  a  few  are  found  on  plants  or  running 
on  the  surface  of  the  soil.  Moisture  seems  to  be  a  necessary  condition 
for  their  well  being.  None  appear  to  have  been  reared  in  India.  For 
the  collection  all  but  the  largest  forms  should  be  very  carefully  gummed 
on  card,  the  abdomen  being  carefully  drawn  out  as  it  is  apt  in  drying 

to  shrink.  It  is  to  be  hoped  that  more  attention  will  be  paid  to  the 

habits  of  these  small  and  insignificant  insects,  which  may  be  found  to 

play  an  important  role.  Careful  observation  and  rearing  is  required 

coupled  with  through  and  exhaustive  collecting  ;  results  of  great  inter- 
est and  possibly  of  economic  value  will  reward  the  patient  investigator. 

TBICHOPTERVaiDJE  . 

Antenna)  wilh  a  three  jointed  club.    Elytra  abbreviateJ  or  complete 

Wings  fringed  with  hair. 

The  smallest  known  beetles  are  here  included,  measuring  from  1  25 

to  1/75  of  an  inch  in  length.  A  characteristic  feature  is  to  be  foiuxd  in 

the  wings,  which  consist  of  a  narrow  stalk  bearing  a  blade  set  with  long 
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hairs  on  each  side.  These  wings  fold  under  the  elytra.  These  little 
beetles  are  found  amongst  decaying  vegetable  matter  and  under  the 
bark  of  trees  ;  most  are  shining  brown  and  are  apt  to  be  passed  by  on 
account  of  their  small  size.  They  are  often  found  in  numbers  together. 
No  Indian  species  appear  to  have  been  reared.  The  larva?  of  the  known 

species  are  stated  to  be  active  and  predaceous  on  small  insects.  Pteni- 
dium  macrocephatum ,  Nietn.,  with  several  Ceylon  species  is  recorded. 

CoRYLOPHIDjE. 

Very  small  beetles,  the  antennae  of  peculiar  form ,  six  free  abdominal 

segmevis,  tarsi  apparency  three- jointed. 

Like  the  Trichopierygida ,  many  of  these  small  beetles  have  fringed 
wings.    Eleven  species  are  known  from  Ceylon  and  one  from  Burmah. 

SCAPHIDIID^. 

Abdomen  ivUh  six  or  seven  visible  ventral  segments,  the  basal  ventral 
segment  large.  Tarsi  of  jive  joints.  Elytra  truncate,  with  two 
longitudtnal  strice,  vrith  raised  points  between.  AntenncB  with  the  five 

apical  joints  broadened. 
These  small  beetles  are  found  m  mushrooms  and  beneath  stones. 

They  are  recognisable  only  from  careful  examination  of  the  whole 
characters.  The  antennae  are  but  slightly  clubbed.  The  truncate 

elytra  expose  only  the  apex  of  the  abdomen.  The  wings  are  well 

developed  and  the  beetles  are  active.  The  apex  of  the  abdomen 
as  seen  from  below  is  conical  and  rather  long.  Only  a  few  genera 

are  known  and  these  are  widespread.  Scaphidium  conjunHum 
Motsch.,  S.  lunatum,  Motsch.  and  S.  cyanellum,  Obart,  are  recorded 

as  Indian  with  .several  Ceylon  species 

HiSTERIDiE. 

Elytra  usually  truncate.  Integument  hard,  body  compact.  Aniennce 

of  one  long  basal  joint,  a  number  of  small  joints(7),  and  an  apical 
club  of  three  joints. 

These  small  hard  beetles  are  generally  recognisable  at  sight  from 

their  genera]  build  and  the  above  characters.    Nearly  all  are  black  or 
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dark  blue,  a  few  variegated  with  brown  or  yellow.  The  colouring 

is  that  common  to  so  many  beetles  which  live  in  concealment  and  on  the 

soil.  The  body  is  thickset  and  short,  sometimes  very  markedly  flat- 

tened ;  the  integument  is  peculiarly  hard  and  the  whole  structure  com- 
pact and  neat.  The  upper  surface  is  commonly  bare  and  shining,  the 

elytra  smooth  or  with  indented  lines  between  which  are  punctures,  whose 

form  is  sufl&ciently  constant  to  serve  in  species  discrimination.  The 

head  is  small  and  retracted,  the  antennsB  short,  hidden  in  repose,  the 

biting  mouth-parts  well  developed,  the  mandibles  often  long  and  con- 
spicuous. The  prothorax  is  large,  receiving  the  retracted  head  and 

broadly  united  to  the  abdomen.  The  elytra  are  truncate  behind  and 

do  not  cover  the  pygidium.  The  legs  are  short,  folding  under  the  body 

in  repose,  the  tibiee  broadened  and  fitted  for  digging. 

No  species  appear  to  have  been  reared  in  India,  and  little  is  known 

of  the  details  of  the  metamorphosis  of  the  family  at  all.  So  far  as  known 

the  larva)  are  active  and  predaceous.  They  have  anal  cerci,  the  labrum 

and  ocelli  are  wanting  and  they  live  wholly  in  concealment.  The 

adults  are  found  under  bark  or  stones,  among  roots,  in  dung,  in  car- 
casses, in  dead  insects  ;  some  (Terelrius,  Teretrionoma),  are  known  to 

be  predaceous  in  the  bores  of  Bostrichid  beetles,  others  on  insects 

found  in  the  spots  they  frequent.  A  species  of  Hitter  is  stated  to 

feed  on  Agrotis  larvi?  in  Corsica  (Ann.  Soc.  Ent.,  France,  1864,  p.  .'J04). 
How  far  they  are  scavengers  themselves  and  how  far  predaceous  upon 

insects  is  uncertain  ;  none  are  in  any  degree  injurious  and  it  may  be 

found  that  as  a  whole  they  are  beneficial.  They  are  rarely  found 

in  the  open  by  day  and  are  principally  nocturnal  in  habit. 

Marseul's  Catalogue  (Ann.  Soc.  Ent.,  France,  1862),  enumerated 

1010  species  of  which  51  were  Indian.  Many  additions  have  been  made 

since  that  time  and  Lewis  has  published  descriptions  of  many  new  spe- 

cies in  the  "  Annals  of  Natural  History."  In  his  recent  Catalogue, 
Lewis  enumerates  95  as  occurring  in  India  and  Assam,  apart  from 

Ceylon  and  Burmah.  These  are  Niponius  (3),  Hohlepta  (5),  Trype- 

liciis  (1),  Teretriosoma  (4),  Terarius  (1),  Plwsius  (1),  Apobhtes  (2), 

Platylister  (:5),  Platysoma  (6),  Eblisia  (1),  Pachf/lister  (5),  Hiater  {23), 

Epierus  (1),  Pachylomalua  (I),  Cypturus  (4),  Phdister  (1),  Anag  ymma 
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(1),  Notodoma  (1),  SUalia  (1),  Epiechinus  (1),  Abrceus  (:i),  Halacntus 

(1),  Saprinm  (14),  Gnatkoncus  (l). 

Fig.    171.— HOLOLEPTA 

INDICA. 
Fig.  170.— Pachylistbr 

BENaALENSIH. 

The  family  is  divided  into  a  number  of  sub-families  which  need 
not  concern  us.  Hohlepta  and  Platijsoma  include  flattened  black  spe 

cies  found  under  the  bark  of  trees,  where  they  prey  upon  bark- 

feeding  insects.  In  Hohlepta  elongata,  Er.  this  flattening  is  carried 

to  an  extraordinary  extent,  the  beetle  being  scarcely  thicker  than  a 

visiting  card.  Hister  is  the  abundant  genus  with  many  species  ;  H. 

javanus,  Payk.  is  common  in  cow  dung  in  the  plains  as  is  also  H.  hipus- 

tulatux,  Fabr.  var  immaculalus.  Saprinus  interruptus,  Payk.  repre- 

sents this  genus  commonly,  the  beetle  being  black  with  a  large  yellow 
blotch  on  each  elytron. 

Phalacridje. 

Antenna'  with  a  distind,  three-jointed  club.  Tarsi  five-joirOed,  fourth 
joint  small.  Abdomen  five  visible  ventral  segments;  front  coxa 

globular,  hind  coxcb  contiguous. 

A  family  closely  resembling  the  next,  but  distinct  in  the  structure 

of  the  coxae.  There  are  but  few  genera  and  the  Indian  species  appear 

to  be  little  known.  Olibrus  (5  spp.),  Augasmus  (3  spp.),  and  Phakusrua 

(5  spp.)  are  the  recorded  genera. 
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29S 

NlTIDULID^. 

ArUenncp  with  a  club  of  three  joints.  Tarsi  five- jointed,  fourth  joint 
smallest ;  abdomen  with  five  free  ventral  segments.  Anterior  coxce 

transverse  ;  elytra  often  truncate. 

Small  beetles,  of  brown  or  black  colour,  finely  pubescent  above, 

which  have  a  general  resemblance  to  Staphylinidce  as  many  have  the 

Fig.  172.— Cakpophilcs  hemii'- 
TEKUS,    X  2(). 

Fig,  173.— Larva  of  amfhi- (■R0S8US  riS.C0L0B. 

elytra  truncate,  leaving  the  apical  half  of  the  abdomen  exposed.  The 

structural  characters  above  separate  them  from  other  beetles  and  they 

can  often  be  recognised  in  the  field. 

The  known  larvae  live  principally  in  flowers,  feeding,  for  instance, 

on  the  anthers,  but  also  in  dead  animals  and  in  decaying  fruits.  Car- 

pophilus  hemipterua,  lives  in  dried  fruits  and  similar  food  articles,  feed- 

ing on  this  or  possibly  on  moulds  or  fungi  growing  on  this  material.  It 
has  been  reared  from  larvae    found    under  the    sheathing    leaves    of 
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bamboos.    The  beetles  are  found  in  a  variety  of  situations ;  many  come 

to  fallen  fruits  or  to    damaged   fruits   or   plants  to    obtain  the   sap 
Others     are    found   in     flowers, 

particularly    cotton     flowers,    in 

injured    bolls,   in  the   bores    of 

insects,  at  cut  canes,  in    almost 

any    situation    where   they  can 

obtain  the  sap  of  plants.    Others 

are   foimd  at    decaying    animal 
.       ,.,.  ,  Klg.   174. -CAKroPHIU'S  HRMIPTKHUh, 

patter,  or  m  hiding  at  the  roots  larva,  x  32. 
of  plants,  under  leaves,  etc.  They 

have  also   been  found  breeding  in  the  deca3nng  fibres    of  the  fruits  of 

a  palmyra  palm  and  are  common  among  deciaying  vegetable  matter 

breeding  freely  in  decapng  mangoes,  for  instance.    Others  are  found 

killed  by  the  sticky  leaves  of  the  tobacco  plant. 

Murray  summarises  the  habits  of  the  group  as  follows  : — 

' '  The  chief  function  of  this   family  is  that  of  scavengers.  Their 
main  business  is  to  clear  off  decaying  substances  from  the  face  of  the 

earth,  especially  those  minute  and  neglected  portions  which  have  es- 
caped the  attention  of  other  scavengers  whose  operations  are  conducted 

on  a  larger  scale.  We  may  characteiize  them  in  one  point  of  view  as 

retail    scavengers.      They    are    so    to    speak,      users-up     of    waste 
materials     After  the   beast  of   prey   has   satisfied  his  hunger  on  the 

animal  he  has  slain,  after  the  hyana  and  the  vulture  have  gorged  them- 

selves on  its  carrion,  after  the  fly  with  its  army  of  maggots  has  consumed 

the  soft  parts,  after  the  burying  beetles  and  the    Silphidse  have  borne 

their  part  in  the  clearing  away  and  when  nought  but  the  bones  remain, 

then  come  the  NitidularicB  to  go  over  what  they  have  left,  to  gnaw  off 

every  fragment  of  ligament  or  tendon  and  to  leave  the  bones  as  nearly 

in  the  state  of  phosphate  of  lime  as  external  treatment  can.    In  another 

point  of  view,  however,  their  employment  is  wholesale  and  wide  enough. 

They  conduct  their  operations  all  over  the  world,  their  branches  extend 

into  the  most  remote  district ;   the  materials  with  which  they  have  to 

do,  although  mere  waste,  have  no  other  limit  to  their  variety  or  their 

number  thaa  the  organized  substances  found  on  the  surface  of  the  globe. 

As  in  all  great  establishments,  too,  the  principle  of  division  of  labour 

is  oarxied  to  a  great  extent.    Each  different  kind  of  substance  has  a 
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different  member  of  the  firm  told  off  to  take  charge  of  it.  One  species 

confines  itself  to  rotten  oranges,  another  to  bones,  a  third  to  putrid 

fungi,  a  fourth  to  decaying  figs.  Decaying  wood,  decaying  bark,  decaying 
flowers,  decaying  leaves,  all  furnish  distinct  employment  to  different 

species.  They  are  not  all  scavengers,  however.  Many  pass  their  lives 
in  flowers ;  others  feed  upon  fresh  victuals  ;  and  Mr.  Frederick  Smith  of 

the  British  Museum  has,  whilst  I  write,  brought  to  my  notice  a  species 
of  Brachypeplus  {£.  auritus)  which  he  has  received  from  Australia,  in 

a  wild  bee's  nest,  where  it  feeds,  both  in  the  larva  and  perfect  state 
on  the  wax  and  honey."  (Trans.  Linn.  Soo.  Lond.,  XXIV,  pp.  211-414 
1864.) 

Though  of  no  economic  importance,  they  are  common  insects  and 
will  be  readily  observed  on  crop  plants  under  circumstances  that  would, 
in  the  absence  of  careful  observation,  give  rise  to  the  suggestion  that 

they  were  themselves  the  originators  of  damage,  whereas  thev  arc  es- 
sentially the  followers  of  decay. 

Murray  monographed  part  of  the  family  in  1864.  (Trans.  Ldnn. 
Hoc,  XXIV),  whileReitter  completed  the  work  in  1873  (Verh.  Ver.  Brunn., 

Xll,  pp.  5-194).  Many  species  have  been  added  since  by  M.  Grouvelle, 

including  Father  Garden's  species  (Ann.  Soo.  Ent.  Beige,  1891,  1892), 
and  Harmand's  Darjeeling  species  (Ann.  Soc.  Ent.  France,  1903,  p.  108). 
A  total  of  over  100  are  known  from  India  inclusive  of  Ceylon.  Carpo- 

philiisfoveicollis,M.\iT.  saidC.  hemipterus,  L.,  are  found  under  the  sheath- 
ing leaves  of  bamboos  where  their  larvae  live  and  the  latter,  with  other 

species,  breeds  freely  in  dried  fruits  iu  stores  and  godowns.  C.  dimi- 
diatus,  F.  var  muiilatus,  Er.,  is  the  common  small  brown  species  found 
in  borer  holes  in  canes,  in  cotton  flowers,  etc.,  in  the  plains.  It  has 

been  reared  from  larva;  found  in  bores  of  Chilo  simplex  in  juar,  the  larvH> 

feeding  in  the  decomposing  tissues.  They  pupated  in  the  soil  and  re- 

mained two  months  as  pupa-  during  the  cold  weather.  Amphicrossus 

discolor,  Er.,  is  a  rounder  deep  brown  insect,  which  has  been  bred  from 

larvae  found  under  the  bark  of  Semul  (Bombax  malabaricum). 

CoSSYPHODID.a. 

A  small  family  of  beetles,  separated  by  Wassman  from  the  foregoing 

and  following    families  to    receive  certain    Myrmecophilous    insects. 
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Trogositid^  (Temnochilid^,  OsTOMin^). 

Tarsi  with  four  apparent,  but  five  actual  (the  first  small),  joints.    An- 
tenncB  urith  terminal  segmerUs  dilated  at  one  side. 

These  beetles  may  be  recognised  with  care,  though   superficially 
they  closely  resemble  those  of   other   families.     They  are  small  dark 

coloured  beetles,  with  short  antenna.-,  a  well 
developed  prothorax,  the  eljrtra  closely 
fitting  over  the  abdomen  and  short  running 

legs  and  are  predaceous  in  their  habits.  The 

species  are  in  general  found  under  the  bark 

^A  '  K^  "^  trees  and  in  decaying  woody  matter.  Ten- 

£    '•'       '•'  \  ebroides  (Trogosita)   mauritanica,    Linn.,  is  a 
r  V''-'.  ..!/  ̂   cosmopolitan  insect  of  which  much  is  written 

but  little  known.  It  is  commonly  found 

in  stored  grains  such  as  wheat,  etc.,  and  in 
almonds  and  similar  seeds,  but  is  generally 

accounted  as  a  predaceous  insect,  really  useful  since  it  feeds  on  other 

insects  that  feed  on  the  wheat ;  against  this  must  be  put  the  fact 

that  it  has  been  reared  in  India  more  than  once  from  almonds  and 

rice  in  which  no  other  insect  was  found ;    it  is  probable   that,  in  view 

Fig.  176.— Tkoqosita 
MAURITAMOA,  X  H. 

Fig.  177.— Troqosiia 
MAURITANICA  lAEVA,  X  3. 

Fig.  178.— ALINDBIA  PASAILRLA,   x  IJ. 
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of  all  the  evidence,  the  larva  is  grain-eating,  the  beetle  predaceous, 

that  it  was  once  a  grain-eating  insect,  became  predaceous,  but  still 
can  feed  on  grain  if  insects  are  not  available.  A.  M.  Lea  records 

both  larva  and  imago  as  feeding  on  caterpillars  in  Tasmania 

(1908).  The  larva  causes  a  peculiar  form  of  injury  to  wheat  seed,  eating 
out  the  embryo  only  and  leaving  the  remainder  of  the  grain  intact. 

It  is  worth  noting  that  it  is  found  living  in  the  open,  the  larva  feed- 
ing on  larvap  that  live  under  the  bark  of  the  oak  and  chestnut  trees  in 

Europe.  Alindria  parallela,  Lev.,  is  a  larger  black  insect  caught  at 
light  during  the  rains  and  LardUes  chevrolati,  Reitt.,  is  to  be  found 
under  the  bark  of  trees. 

A.  Leveillee  has  catalogued  the  family  (Ann.  8oc.  Ent.,  France, 

1900,  p.  1).  He  gives  J  7  species  as  found  in  the  Indian  region  including 
Alindria  (3),  Melambia  (4),  Temnochila  (1),  Asava  (1),  Tene- 
hroides  (1),  Acropg  (3),  Gryncharina  (1),  Aticyrona  (3)  . 

MoNOTOMIDvB. 

Two  Darjeeling  insects  are  recorded,  Europs  indica,  Grouv.  and 
Europe  karmandi,  Grouv.  (Ann.  Soc.  Ent.,  France,  LXXll,  p.  123). 

CUCUJID^. 

UsuaUif  small  hrown  flattened  beetles,  tarsi  apparently  four-jointed,  the 
first  joint  often  small.    Antenna  long,  unth  a  small 

club  {often  absent). 

These  little  beetles  do  not  readily  come  into  a  general  definition 
and  are  not  easily  recognisable.  The  family  as  a  whole  are  found  under 

tree  bark,  in  decaying  wood  and  attacking  stored  produce.  Several 
species  are  found  feeding  upon  grain  and  stored  produce  in  India, 
and  others  have  been  recorded  in  Indian  Museum  Notes.  The  most 

noted  is  SUvanus  surinamensis,  Fabr.,  whose  larva  lives  in  dried 

fruit,  flour,  dried  mohwa  (the  calyx  of  Bassia  latifolia)  and  similar  vege- 

table matter.  The  complete  life-history  occupies  about  7  weeks ;  the 
eggs  are  laid  in  the  food,  the  larvae  feed  inside  or  between  two  pieces 
and  pupatie  in  a  chamber  closed  in  with  bitten  pieces  of  their  food. 

This  insect  causes  considerable  annual  loss  in  India,  attacking  Mohwa, 
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Cossifphodinus  indicus,  Wassman,  lives  with  Pheidole  Huhaticeps,  Rog.. 
and  is  the  sole  recorded  Indian  species.    (Fig.  153). 

CoLYDIIUjB. 

Antetmce  clubbed  or  dilated  towards  the  apex.    Tarsi  four-jointed ; 
five  visible  ventral  segments. 

These  are  small  beetles  of  varied  form  found  under  bark    in  decay- 
ing trees  or  in  fungi.    They  are  not  common  and  but  few  species  are 

known  from  India.    Tarphiosoma  indicum. 
Wal..    is     described     from    Coimbatore. 

Dastarcus    and    Colobicus    are    also    re- 

presented.     Botrideres    is,    in    Europe 

known  to  be  predaceous  on  the  larva'  of 
the   Bostrichid  beetle,  Sinoxiflon,    which 

bores  in   wood,    and    Stebbing    records 
the  same  in  India.     A  total  of   17  species 
are  recorded,  Dastarcus  indicus,    Fairra., 

being    common  under  the  bark  of    trees 
in  the  plains. Fig.  175.— Dahtarcus  indicuk. 

Lathridiid^. 

Tarsi  three-joirited ;   antennce   with   a   club   formed  of  one,  two  or  three 
joints.     Ventral  abdominal  segments  five  or  six,  free,  the  first  longest. 

Small  beetles  rarely  more  than  one-tenth  of  an  inch  long,  found  in 

ants'  nests  and  in  decaying  vegetable  matter,  where  it  is  supposed  they 
eat  fungi.    None    appear   to   have    been  reared    in  India.    Wassman 
writes  about  Coluocera  maderce,  Wall,  and  C.  Behni,  Wasm.  Zeits.  Wiss. 

Insecten  Biol.  1,  p.  384)  which  live  with    Prenolepis    longicornis    and 

Pheidole  spp.  in  India.    Assmuth  observed  the  foi'mer  to  move  with 
the  ants  along  their  runs  when  shifting  nests  and   Wassman  comments 

on  the  fact  that  C.  Maderce,  like  Myrmecophila  prenolepidis,  is  found  in 
the  nests  of  this  ant  in  South  America  as  in  India,  the  beetle  and  cricket 

having  apparently  been  carried  by  shipping  with  the  ant. 

Eighteen  species  are  recorded  in  Genera  Insectorum  as  Indian: 

Coluocera  {l\  Holoparamecm  (6),  Lathridius  (1),  Ericmus  (1),  Cortica- 
ria  (3),  Mehnophthahna  (5),  Migneauxia  (1). 
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for  instance,  during  the  rainy  weather  and  breeding  in  it    steadily  till 

much  is  lost.    LcBmophlceus  jmaillus,  F.,  is  a  brown  beetle  which  has 
been  reared   from  larvse  in  dried  fruit 

and    in    ship's    biscuit    in   Calcutta. 
Lamotmetus   fernujineus,    Gerst.,   was 

recoided  as    feeding   upon    cut    cane 

and  probably    habitually   feeds  upon 

sap.    L.  insignis,    Grouv.,   was  found 
in   the    wood    of   a    tree    bored    by 

Stnoxyhn    and    is    probably    equally 

harmless        Hectarthrum      heros,    F. 

(brevifossum,     Newm.)      is    a    larger 
black  beetle,    found  under   tree  bark 

and  in    wood    tunnelled    by    borers 

About    twenty  species   are    recorded 

as   Indian,   and   many    remain  to  be 

recorded    when    they    are    more    col- 
Fir.  179.— SlLVANUb  8CKINA-  •' 

MRN8IR,  X  20.  lected. 

Fig.  181.— CcoCTUH 
HiEMATODlM  LARVA. 

{From  Chapii  if-) 

Fig.  180.— SiLVAsrs  st'- 
RINAMBNSIS,  lABVA,  x20. 
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includes  the  trophal  oharactera  also.  Males  and  females  are  much 

alike  with  no  marked  sexual  characters.  Apparently  no  Indian  spe- 
cies has  been  reared  and  but  few  larvse 

are  known  at  all.  The  greater  number 
of  the  species  are  found  in  the  New 
World;  Fowler  and  Kuhnt  have  listed 

the  family  in  Genera  Insectorum  (1909). 

Lanquriinw  are  represented  in  India, 

by  elongate  slender  beetles,  the  elytra 
with  metallic  blue  or  green  colouring, 

the  prothorax  dull  red  or  metallic  green  ; 

they  are    found  on  the  leaves  of   plants 
Pic.   182.— TBTUAL4NGURIA  u    a  j.  j.1       •      xl.  1    •  r\ 

■,-s.,^.™.  but  not   apparently  m  the   plams.    One 
species  {Tetralanguria  elongata  F.)  is  very 

common  in  the  hills  and  can  be  caught  in  numbers.  This  genus  in 

America  contains  the  "Clover  Stem  Borer"  (T.  mozardi,  Lac.)  a 
minor  pest  and  the  Indian  species  will  probably  be  found  to  be  borers 

in  plant  stems  also.  A  total  of  3.'i  species  are  described  from  India, 
wholly  hill  forest  insects. 

EratylincB  — A  total  of  31  species  are  known,  from  hill  and  forest 
localities  almost  wholly.  Amhlytrpus,  Triplax,  Aulacnchilus,  Episcapha 

are  the  commoner  genera.  Gorham's  papers  on  the  collections  of 
Andrewes  should  be  consulted.  (Ann.  Soc.  Ent.  Beige.,  189r),  p.  328, 
1903,  p.  323.) 

MyCETOPHAOID*. 

Antenrup  itnth  a  Urn  or  three- jointed^  club.    Tarsi  jour- jointed, 

the  anterior  tarsi  three-jointed  in  males. 

Small  beetles  of  dull  colour  found  in  "Mushrooms"  and  under 

the  bark  of  trees.    No  Indian  species  are  recorded,  though  seveial  are 

known  from  Ceylon. 

Coccis^uADM.— Ladybird  BeHle-s. 

Tarsi  apparently  three-jointed,  the  second  joint  expanded  a
nd 

piAescent.    Ardennes  short,  not  clubbed. 

These  small  beetles  are  most  readily  recognised  by  their  oval  or 

rounded  form,  and  their  warning  colours  which   include  black,    red, 
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yellow  and  brown,  alone  or  together.  The  tarsi  at  once  separate  theiu 
from  the  family  they  are  most  readily  confused  with  in  the  field,  the 

Chrysomelida,  these  having  apparently  four- 
jointed  tarsi.  They  are  most  closely  allied 

to  the  Endomychidce  but  differ  in  the  anten- 
nae, which  in  the  latter  are  clubbed.  These 

beetles  are  rarely  more  than  one-quarter  of 
an  inch  long  ;  the  head  is  small  and  nearly 
hidden  by  the  prothorax  (see  Hippodamia) 
which  fits  smoothly  into  the  rounded  elytra. 

The  antennsB  are  not  distinctly  clubbed,  moderately  long.  The 
short  biting  mouth  parts  are  not  conspicuous.  The  legs  are  short,  hidden 

under  the  body  and  formed  for  running.  Males  and  females  are  not 
distinguishable  on  superficial  characters  and  are  of  the  same  size,  as  a 
rule,  the  male  sometimes  smaller. 

Fig,  IK}.— A.  CocciNRLtli) 
B.  Ohkysombudtakspr. 

The  life- history  is  well  known  and  several  Indian  species  have  been 
reared.  Eggs  are  laid  in  clusters,  openly  on  the  plants,  and  are  cigar- 

shaped  yellow  bodies  laid 
on  end.  (Plate  XVII.) 
The  larvae  are  active, 
widest  in  the  middle  and 

tapering  to  either  end  ;  the 
head  is  small,  the  thoracic 

segments  broad.  Each 

segment  has  spines  or 
tubercles  bearing  hairs. 
The  abdomen  tapers  and 
there  is  an  anal  foot  which 

assists  locomotion.  Most  are  black  or  slate  coloured,  some  a  vivid 

red  and  a  number  have  waxy  processes  similar  to  those  of  the  mealy 

bugs  on  which  they  feed  and  which  render  it  difficult  to  distinguish 

them  from  their  prey. ,  When  full  grown,  they  pupate  openly  on  a 
plant,  the  larva  firmly  fixing  itself  by  its  anal  foot  and  the  pupa 

remaining  often  partly  enveloped  by  the  larval  skin  which  bursts  along 
the  dorsal  surface.  The  larval,  as  the  pupal,  life  is  short,  the  whole  life 

history  occupying  but  a  short  time,  often  not  more  than  three  weeks. 

Vig.  184.— Ohii/)corur  nwritus  larva  x  8. 





PLATE  XVII, — Chilomenes  Sbxmacclata. 

The  Six-spotted  Ladybird  Beetle. ?ig 

.   1. Egg  when  laid. 

>» 
2. „    just  before  hatching. 

»1 3. Larva,  first  instar. 

*1 

4. 

third    „ 

1» 

5. 
„      fourth   „ 

»» 6. 
Papa. 

t1 
7, Imago. 

ff 

8. 
Cotton  plant  with  aphides. 

f» 

9. Egg  cluster  on  leaf  slightly  magnified. 

»» 
10. Larva             „            „               „ 

>■ 

11. i>            >»              »i 

„    12.    Imago  „  „  „ 

The  black  hairlines  show   tiie  actnal  size  of  the  figures  1 — 7,  and  the 
white  ones  on  the  plant  those  of  8  to  12  on  the  plant. 
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CBYPTOPHAOIDiE. 

AtUennce  wUh  a  three-jointed  club.    Tarsi  five-jointed,  rarely  hete 
rotnerous  in  males.    Five  abdominal  visible  ventral 

segments,  first  longest. 

Small  oblong  beetles,  pubescent  above,  found  in  mushrooms  and 

decaying  plants.  Ten  Indian  species  are  described  by  Motschulsky 
Reitter  and  Grouvelle. 

Helotid.^. 

Five  visible  ventral  segments.     Basal  tarsal  joint  reduced. 

This  is  a  small  family  of  beetles  resembling  the  Er(Aylidce  in  ap- 
pearance and  found  feeding  on  the  flowing  sap  of  trees.  Helota  is 

represented  by  twenty  species  from  the  hills,  mainly  described  by  Rit- 

sema  (Notes,  Leyden  Mus.,  1893-15)01).  HelcOa  mellyi,  Westw.,  is  des- 
cribed and  figured  from  Simla  (Cab.  Or.  Entom.,  PL  XLl,  Fig.  8).  H. 

servillei,  Ho.  (Coleopterists '  Manual,  3,  p.  187)  from  Poona  and  H. 
Guerinii,  Ho.  (loc.  cit.,  p.  188),  are  the  previously  described  Indian 

species. 

THORICTlDiB. 

Antenna,  cliMed ;  prothorax  large,  elytra  short.    Tarsi  five- jointed. 
Head,  sunk  in  prothorax. 

A  small  family  of  peculiar  beetles,  of  whict  very  little  is  known, 
and  which  are  separated  on  the  above  structural  characters.  Thorictu^ 

heimi,  Wassm.  (Fig.  153),  is  myrmecophilous  and  T.  indicus,  Grouv.^ 
was  found  at  Belgaum. 

EROTYLIDiE. 

AntenncB  vith  a  three  or  four-jointed  club.    Tarsi  urith  five  joints, 
the  fourth  joint  reduced  in  some  forms,  the  basal  three 

often  broad  and  p/iibescent. 

A  moderately  large  family  of  small  beetles,  found  chiefly  in  mush- 
rooms and  plant  stems,  where  also  their  larvae  live.  The  fourth  tarsal 

joint  is  so  small  as  to  be  scarcely  visible  and  they  appear  to  have  four- 
jointed  tarsi.  The  individuals  of  the  family  will  scarcely  be  distin- 

guished by  the  above  characters  and  the  accurate  diagnosis  of  the  family 
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Fig.  185.— Chilocokusnkjritiik 
LAKVA    y.   S. 

Hibernation  or  periods  of  scarcity  are  universally  passed  in  the  imago 
stage,  the  beetles  living  for  long  periods  without  food  and  awaiting 

the  proper  conditions  for  egg-laying. 

The  imago  is  protected  by  the  exud- 
ation of  oil,  in  some  cases,  an  acrid 

yellow  fluid  being  excreted  at  pores 

on  the  margin  of  the  prothorax  or  at 

the  joints  of  the  legs.  With  the  excep- 

tion of  Epilachnidcs,  nearly  all  arc 

predaceous  upon  scale  insects,  mealy- 
bugs, aphides  and  similar  small  forms 

of  life  Many  species  are  known  though 

no  complete  list  of  Indian  forms  is 

available.  The  most  important  of  the 

plains  forms  arc  described  below  ;  this 

by  no  means  exhausts  the  common 

species,  and  much  has  yet  to  be  learnt 

of  the  species  which  prey  upon  the  less  evident  forms  of  pests.  Each 

species  appears  to  have  a  well  defined  seiies  of  prey,  which  it  exceeds 

only  when  it  must,  and  we  know  little  of  what  })reys  upon  the  rarer 

species  of  Aphides  and  Coccides. 

A  great  deal  has  been  written  about  the  value  of  introducing  lady- 
bird beetles  to  destroy  scale  insects  and  the  like  :  hundreds  of  trials 

have  been  made,  a  regular  exchange  of  Coccinellids  was  established  and, 

as  a  result,  there  was  one  real  case  in  which  good  resulted.  Unfor- 

tunately, the  idea  has  been  taken  up  by  the  Press  at  different  times  and 

still  crops  up.  Ladybirds,  like  parasites,  do  their  best  wliere  nature 

puts  them,  but  cannot  be  moved  about  the  world  to  eat  indiscriminately. 

The  species  of  tliis  country  play  an  essential  part  in  maintaining  an 

equable  balance  of  life,  and  we  have  a  large  number  of  useful  species 

which  would  repay  more  careful  study.  Coccinellids  are  divided  into 

two  series  those  with  simple  or  bifid  mandibles  which  feed  on  insects, 

and  those  with  many  toothed  mandibles  which  feed  upon  plant  tissues. 

All  of  the  species  mentioned  are  confined  in  the  first  series,  excepting 

Epilachna.  Crotch  revised  the  family  in  1874  and  since  then  Gorham 

has  described  numerous  species  (Ann.  Soc.  Ent.  Beige,  1892,  1894, 

1895,  1903)  as  has  also  Weise  (Ann.    Soc.  Ent.  Beige,  1892,  1895  and 

11 L  20 
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Stettiner,  Ent.,  Zeit.  1908),  We  may  divide  the  family  into  the  Cocx%- 
nelllncB  insectivorous,  EfilachnincB  herbivorous;  the  former  may 

be  divided  again.  Of  the  Coccinellini,  84  species  are  recorded,  of  the 
ChUocorini^S.  of  the  Scymnini  (Scymnu8)29,  Exoflectrini (V edalia,  etc.) 

10,  and  of  the  Rhizdbiini  (Aulis)  five  species.  In  the  EpilachnincB  38 

species  are  described.  These  beetles  are  extremely  variable  in  size, 
colouring  and  markings  ;  climate  exerts  a  marked  influence  on  them, 
and  it  is  possible  the  number  of  distinct  species  is  not  really  so  large. 

CoccineVa  includes  three  common  species,  two  of  which  are  wide- 

spread in  our  limits.    C.  septempunctata,  Linn.,  is  the  abundant  Seven- 
.spotted  Ladybird  which  is  found  on  wheat  and  mustard.    The  larva- 
are  slate  coloured  with  yellow  spots,  very  active  and  feeding  voraciously 

on  the  wheat  aphis  {Macrosiphum  granarium,  Kby.)  and  the  Mustard 
aphis  {Aphis  brassicce,  Linn.).    The  beetle  is  red  with  three  black  spots 
on  each  elytron  and  a  joint  one  at  the  scutellum,  with  some  white  on 
the  prothorax  and  head,    in  the  hills,  as  in  Europe,    the  size  of  the 

black  spots  is  constant;    in  the  plains  it  varies  immensely  and  some 
beetles  have  them  so  large  that  they  fuse  and  almost  cover  the  elytra. 

Like  their  prey,    this  species  is  found  only  in  the  cold  weather  in  the 
plains ;  the  beetles  have  been  found  to  go  into  dense  grass  and  other 

sheltered  spots  in  March  where  they  apparently  remain  until  the  fol- 
lowing cold  weather.     This  species  is  a  very  important  check  on  the 

increase  of  the  Aphides  it  feeds  on  and  one  of  the  most  economically 

valuable  insects  in  India.    In  the  Punjab  (and  rarely  further  South), 
we  find  also  the  Eleven  Spotted  species,  C.  undecimpunctata,  Linn., 

with    a    similar    life-history  and  habits.      Both  are  palearctic  insects 
which  have  spread  into  the  Punjab  and  further  south  and  adapted 

themselves  to  the  conditions  by  a  prolonged  period  of  rest;  the  evid- 

ence points  to"  this  period  of  rest  being  passed  in  the  imago   stage. 
This  species  has  only  once  been  found  in  Behar  while  it  is  very  common 

in  the  Punjab.     Its  usual  southern  limit  appears  to  be  in  the  United 
Provinces. 

C.  repanda,  Thunb.,  is  a  widespread  insect  in  the  plains,  the  spots 
in  the  form  of  three  black  curved  bands  and  a  small  central  spot ;  it  is 

found  abundantly  in  the  cold  weather  feeding  on  mustard  aphis, 

{Aphis  brasaicce),  and  is  reported  to  feed  on  A  leurodes  bergi,  Zehn .,  in  Java. 
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Thea  cincta,  Fabr.,  is  a  round  yellowish  insect  found  feeding  on  the 

fruiting  bodies  (Perithecia)  of  the  fungus  that  attacks  mulberry  leaves 

( PhifUactinia  corylea,  Karst.).  Larva  were  rear'^d  upon  this  material 
and  a  great  number  of  individuals  were  found  on  the  mulberry  bushes. 

It  presumably  has  other  food  also. 

Chilomenes  Hexmaculat-a,  Fabr.,  is  the  commonest  species  in  the 

plains.  It  is  a  small  rounded  beetle,  varying  in  colour  from  red  to 

canary  yellow ,  usually  yellow.  It  deposits  eggs  on  the  leaves  of  the 

cotton  plant,  among  or  near  an  aphis  colony.  Each  egg  is  oval,  almost 

cigar-shaped,  about  cme-twentieth  of  an  inch  long,  light  yellow  in 

colour.  (Plate  XVIT.)  In  captivity  a  beetle  lays  about  90  eggs  in  clus- 
ters of  about  i>  each.  These  eggs  hatch  in  four  to  five  days,  a  small 

spinose  larva  appearing  which  at  once  begins  to  feed  on  a})his ;  it  runs 

actively  about  seeking  aphides  and  crushed  skins  of  the  victims  testify 

to  its  rapacity.  In  captivity  each  larva  required  about  2(10  aphides  a 

day  and  lived  thus  for  10  to  13  days.  The  young  larva  is  black,  with 

long  legs,  the  body  tapering  to  the  hind  end  ;  as  it  grows  older, 

white  spots  appear  and  the  full-grown  larva  is  black  with  yellow  and 
white  blotches.  Pupation  takes  place  on  the  leaf,  the  larva  fixing 

itself  by  the  tail,  the  pupa  only  partly  emerging  from  the  cast  skin  in 

some  cases.  The  beetle  emerges  after  four  to  six  days  and  also  feeds  on 

aphis.  Besides  the  Cotton  Aphis  {Aphis  gossypii,  Glov.),  this  species 

feeds  on  Aphis  cardui,  Linn.,  and  on  Aphis  admta,  Zehnt.  When  food 

is  not  available,  the  beetle  waits,  hiding  in  shelter  until  food  is  again 

forthcoming  and  eggs  can  be  laid.  These  periods  of  rest  may  be  of 

many  weeks'  duration,  but  if  food  is  available,  the  species  goes  on  breed- 
ing except  in  the  very  cold  weather. 

Scijmnus    includes    the  smallest    species. 

round  pubescent  beetles  of  usually  dull  brown 

or  black  colour.    Scymnus  xerampelinvs,  Muls., 

is  common,  feeding  on  cotton  aphis    (Aphin 

ijoKsypii,     Glov.);    the     larva    is    clothed    in 

white  waxy  processes  which  make  it  look  like 

Pig.  ]«6.-SoY.«Nr8  ^    mealybug;     a     single    larva    required   
 75 

xKHAMPKiJNUK,  x  H.  apMdes  daily    for  its  food  and  lived  7  to  10 

days.    The  pupa  remains    in  the    cast  larval 

skin,    emerging   as  a    beetle    after  a  week.    This  species  occurs  with 
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S.  nvbikms,  Muls.,  throughout  the  plains,  feeding  also  on  cotton 
mealybug.  We  figure  Aulis  vestHa,  Muls.  (PI.  LXXXIV,  Figs.  7,  8. 
9),  found  feeding  upon  Monophlehus.  This  beetle  and  its  larva  are 

found  on  trees  infested  by  this  mealybug  and  would  readily  escape 

notice.  Like  its  prev  the  beetle  appears  only  from  February  or 
earlier  to  May,  and  breeds  freely  at  that  time ;  the  beetle  is  found 

during  the  rains  in  concealment  on  the  bark,  awaiting  the  return  of 

Monophkbus.    (Mem.  Agric.  Dept.,  India,  Vol.  II,  No.  VII.) 

Chilocorm  niqritus.  Fabr.   is  a  moderate-sized  round  black  beetle, 

very  shiny,  which  feeds  on  Aphs  card'ii  as  well  as  several  scale  insects 

(Asterolecawum)  and  aphides.    It  is  widely  distributed  but  rarely  found 

abundantly.    Brumus  suturahs,  Fabr.,  is  yellowish  with  black  stripes 

on  the  elytra.     It  feeds  on  cotton  aphis,  cotton  mealybug  and  probably 
other  small  sucking  insects.    The  larva  was  reared  on  Phenacoccus  in- 

solitw,  Gr. ;  it  is  a  sluggish  insect,  grey  covered  with  a  fine  white  bloom, 

measuring  about  five  millimetres  in  length,  two  and  a  half  in  breadth 

the  abdomen  being  the  thickest  part.     It  eats  the  mealybugs  in  all 

stages  and  pupates  among  them  in  the  usual  way.    Clams  soror.  We., 

is  a  small  round  beetle  found  feeding  upon    the    Castor    Mealy  Wing 

(Akurodes.f^T^.).  The  stages  are  figured.   (Plate  LXXXI,  Figs.  9,  10,  Jl.) 

Epikchna  is  herbivorous    and    is    universally  distributed.    The 

beetles  are  comparatively  large  for  this  family,  of  a    dull  red-brown 

colour  with  black   markings.    The  vari- 

ability of  the  markings  has  led  to   the 

species  having  many  names  and  it  is  not 

clear  how  many  species  there  are.    Our 

common   ones  fall   into  two  types,  E. 

dodera-gtigma,  Muls    with  12  spots,    E. 

viginttocto-jmnctata,  Fabr.,  with  28.  These 

vary  in  colour,  in  size   and  number  of 

spots,  in  extent  of  pubescence,  and  in      ,,«.  187.-Kp.iachna  vioint.- 
the  extent  to   which  the   colour. is  ob-  octopusotata. 

scared  by  dark  sufiusion.    So  far  as  can 

be  seen  the  life-history  is  the  same  throughout  the  common  Indian 
forms  ;  eggs  are  laid  in  clusters  on  the  leaves,  which  hatch  to  oval 

yellow  grubs  with  spiny  processes ;  these  feed  on  the  epidermis  of  the 

leaf  and  pupate  there   when   full    grown  in  the   ordinary  manner. 
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Cucurbitaoeous  and  Solanaoeous  plants  are  their  food  and  they   may 
be  destructive  when  abundant. 

{•fl^,             ^  Collecting. — Coccinellids  are  of  such  impor- 

L^JH^  tanoe    that    no   opportunity    of    collecting 

^^^^^^k  should  be  lost.    Above  all,  when  collecting. 

.^^^^^H^^^HV^    it  is  useful  to  search  carefully  for  their  food ; 

/^H||^^^M|  the  value  of   each  species   depends   wholly 

J  ̂ ^^^^m  IL  upon  their  food  and  while  some  are  restric- 
^^^^  ted  to  one  or  a  very  few  insects,  others  are 

Fig.   188.-BWLACHNA  probably  less  restricted.    The   question   of l)0DE(.'A-8TI(iMA.  fill- food  also  determines  the  times  at  which 

they  are  prevalent  and  we  are  still  largely  ignoi'ant  of  how  these  insects 
pass  through  the  year.  Coocincllid  larvtp  are  very  easy  to  rear  if  given 
sufficient  food  and  the  adults,  if  well  fed,  lay  eggs  freely  in  captivitv. 

ENDOMYCHlDi^. 

Antennrp   tuoderateli/   lontj    with   a   threc-pinted   club.    Tarsi 

npparenthj  three-jointed  hut  really  four- jointed  ; 
the  basal  two  pints  broad. 

These  beetles  are  distinct  from  all  but  the  preceding  (Cocrinellidw) 

in  the  peculiar  tarsi ;  the  longer  clubbed  antenna^  further  separate  them 

from    Cocrinellida'.     The    family    is   not   a 
large  one  ;  all  known  are  apparently  feeders 

on  lichens  and    fungi,    and   are    found    in 

concealment  often  gregariously.    They   are 
characteristic   of   moister   warm  areas  than 

the  plains  of    India.      The  transformations 

of   several    species  have  been    recorded    in 

America   and    Europe,  but   much  remains 
to  be  learnt.     The  student  should  consult 

Gorham's  papers  ;    the  species  of    Ceylon 
are    described  (Proc.  Zool.   Soc,    J88fi,    p. 

154)  and  some  new  Indian  species  (loc.  cit. 

1897,  p.  456,  Ann.  Soc.    Ent.    Beige,  1895, 

p.   328,   1903,    p.   323).      Nineteen    Indian 
*^  '  '    ̂   '  Fir.  189.— BcMORPHua 
species  are  recorded.  pclchripes. 





PJ.ATE    XVIII.— Anthrbnus  Vokax. 

The  Woolly  Bear. 

Fig.  1.     Larva,  dorsal  view,     x  12, 

,,     2.     Young  larva,  fpeding  on  a  bristle,     x  12. 

,,     3      Pupa,  in  the  larval  skin,  which  is  open  along  the  dorsal   line. 
X  10. 

>  Imago      X  16 

„     6.     Egg.         X  20. 
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Dermestiu^e. 

Tarsi  tvith  five-joints ;  antennm  short  with  a  club,  and  received  under 

the  prothorax  in  a  caviti/.    Head  retractile. 

These  small  beetles  are  not  readily   separated    from    those    which 

come  nearest  to  them  unless  the  life-history  is  known,    the  commonest 

sjH'cies,  which  are  household  pests,  havinp 
characteristic  larvae.  The  beetles  are  often 

clothed  with  fine  hair  or  scales.  The  head 

in  some  bears  a  median  ocellus.  The  api- 

cal joint  of  the  antennsp  in  the  males  may 
become  enlarged. 

The  life-histoiy  is  known  in  general  but  of 

no  Indian  species  except  the  household  ones 

The  larva-  are  predaceous  or  feed  upon  dried 
animal   matter.    The    free-living  larvae  arc 
found  under  the  bark  of  trees  and  in  similar 

Fig.  i90.-I)KHME.Tbs  XL.     «i*i^'*ti«n«    wlieie   there   is  a    quantity    of 
pivt".  K.  K  4',.  insect  larvae  on  which  they  can  feed.    House- 

hold species  feed  upon   skins,    horns,    woo] 

and  similar  dried  animal  matter.    The  larva<  are  characterised  by  the 
development  of  tufts  of  long  hairs   (Plate  XVI II),  which  in  some  cases 
reaches  an  extraordinary    development,    especially  in  the  predaceou? 

free-living  species.    The  reader  should  consult  the  figure     in  Sharp's 
Insects  for  a  typical  free-living  Dermestid  larva,  such  as  is  found  under 
the  bark  of  trees.    Other  larva."  are  provided  with  small  terminal  and 
lateral  tufts  of  hairs,  capable  of  being  moved  and  extended.    These 
larvae  eat  into  their  food,  making  holes  in  skins  or  horns  and  complet- 
mg  their  metamorphosis  there.    The  length  of  the  life-history  is  not 
known  but  it  can  be  very  greatly  extended  in  every  stage,  if  food  is 
scarce.    It  is  known  that  the  eggs  are  capable  of  remaining  unhatched 
tor  long  periods,  that  larvap  will  starve  and  that  the  pupal  stage  may 
be  a  very   long    one.    The   pupa,  is  commonly    found   almost  wholly 
enveloped  by  the  larval  skin  which  is  not  shed  but  only  splits  along  the 
dorsum.    Several  household  species  are  likely  to  be  found,  having  been 
recorded  several  times ;  these  are    cosmopolitan    insects    spread    by commerce. 
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lives  in  the  plains  of  India  but  is  rare.  Motschulsky  described  five 

Indian  and  one  Burmese  species  of  Byrrhinus.  Four  other  species  are 

described,  Chehnnrium  indicum,  Grouv.,  being  the  most  widespread. 

(lEORYSStD.*. 

AntenncT  ninr-jointed,  three  formim/  o  ehh. 
Tarsi  of  four  jointx. 

A  tiny  family  of  beetles  distinguished  on  tlie  above  characters 

and  chiefly  found  burrowing  in  soil  in  the  Northern  Hemisphere. 

Two  species  of  Georf/ssus  occur  in  Ceylon. 

Hetekocerid^. 

Antenncc  with  «  htuj  seven-jointed  ehih.     Tarsi  four-jointed. 

Semi-aquatic  beetles  found  burrowing  in  the  mud  of  river-banks 

and  tanks.     They  are  capable  of  stridulating  and  on  being  seized,  omii 

Ki(f.  i(»2  ~Hktkro<'k 
KITS   MAWIIKAT'JH 

LARVA. 

Fig.  191.— Hktkboceri'h  hv  (From  Chfiimh.) 

a  sound.  The  life-history  of  the  European  species  is  known,  the  pub- 

escent larva^  burrowing  in  mud.  Little  is  known  of  the  Indian  species, 
six  species  being  recorded.  They  are  common  in  freshwater  in  India 

and  come  freely  to  light.  The  beetle  is  probably  predaceous,  feeding 

on  the  insect  life  of  its  habitat  which  is  abundant  and  having  its  body 

and  strong  expanded  legs  formed  for  burrowing  in  the  wet  mud  in 
which  it  lives. 
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The  recorded  species  are  less  than  twenty,  including  the  cosmo- 
politan Dermestes  cadaverinus,  F.,  and  the  species  mentioned  below. 

Dermestes  vulpinm,  F.,  whose  larva  feeds  upon  the  cocoons  of  silk 

worms,  is  common  in  India,  as  elsewhere,  it  is  curiously  fond  of  these 
cocoons  eating  through  the  silk  to  reach  the  pupa  within,  on  which  it 
feeds.  Cleghorn  mentions  it  as  a  destiuctive  insect  to  silk  in  India, 
the  cocoons  having  to  be  quickly  reeled  off  to  avoid  loss.  (Indian  Mus. 
Notes,  I,  p.  47.)  Silkworm  cocoons  (containing  pupae)  must  be  so 
packed  that  the  beetle  cannot  get  access  to  them  or  the  cocoons  on 
arrival  will  probably  be  infested  and  partly  spoiled.  Dermestes  larva 

is  elongate,  cylindrical,  tapering  behind  ;  the  prothorax  is  large,  the 

hind  end  bears  two  dorsal  hooks  and  a  ventral  anal  tube.  Each  segment 
has  a  dorsal  plate,  behind  which  is  an  erect  row  of  long  hairs  and 
a  backwardly  directed  row  of  stiff  hairs  ;  there  are  longer  hairs  on  the 
sides,  and  a  third  row  on  the  prothorax.  Aethriostoma  undulata, 
Motsch,,  is  found  in  wheat.  Its  larva  is  broad,  with  short  hairs,  with 

no  anal  tube  or  hooks.  The  part  it  plays  in  wheat  is  not  ascertained 
but  it  is  likely  to  be  predaceous  upon  the  other  insects  there  or  to  feed 

cm  their  dead  bodies.  The  larva  of  Attcujenm  is  similar  but  the  seg- 
ments are  completely  hardened  above  and  each  segment  fits  over  the 

next  ;  there  are  no  hooks  or  anal  tube,  and  each  segment  is  clothed  in 

scales,  with  also  a  row  of  hairs  which  extend  on  to  the  sides ;  the  hind 

end  bears  a  bundle  of  hairs.  A.  glorwsw,  Fabr.,  probably  occurs  in 

India.  The  larvte  of  Anthrenus,  Tiresias,  Trogoderma,  are  provided 

also  with  bundles  of  long  hairs  on  the  posterior  segments,  these  hairs 

being  moveable  and  erectile,  often  of  peculiar  form;  in  Anthrenus  the 

bundles  are  on  the  three  posterior  segments.  A.  vorax,  Wat.,  is  known 

to  attack  skins  and  horns  in  India,  as  well  as  woollen  clothes  and  the 

bristles  used  in  making  brushes,  and  is  constantly  reported  as  destruc- 
tive.    (Plate  XVIII.) 

Byrrhtd^. 

AntenncB  clubbed.    Head  retrad'd,  tarsi  five-joirUed, 

a  prosternal  spine  fits  a  mesosterndl  cavity. 

Small  oval  beetles,  convex  and  short,  of  dark  colour,  found  under 

stones  and  on  the  soil  in  temperate  regions.    They  are  vegetarian,  one 

genus  {Chelonarium)  living  also  on  the  leaves  of  trees.    C.  indicum,  Gr., 
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PARNIDyE. 

AnlenncB  variable.    Tarsi  five- jointed,  the  last  joint  large ; 
prosternum  prodvuied  in  front  to  protect  the  mouth, 

behind  to  fit  into  the  mesosternum.    Aquatic. 

Small  beetles  clothed  in  fine  pubescence,  found  in  water.  They 

are  seen  clinging  to  plants,  stems  and  other  objects  in  running  water 

for  which  purpose  they  have  the  enlarged  tarsal  joint  and  claws,  and 

the  pubescence  holds  a  sufficiently  large  bubble  of  air  to  supply  the 

needs  of  respiration.  The  pubescence  in  Parnus  covers  the  whole  body, 

which  is  thus  set  in  a  bubble  of  air,  but  in  Elmis  extends  only  along  the 

ventral  surface,  to  carry  air  to  the  spiracles.  The  family  are  possibly 

simply  clavicorn  beetles  which  have,  from  feeding  on  decaying  vege- 
tation near  water,  become  aquatic  and  retain  the  same  food  habits. 

Their  larvtp  are  also  aquatic,whol]y  unknown  as  yet  in  India. 

Less  than  ten  species  are  recorded,  in  the  genera,  Dryops,  Parygrus. 

Stenelmis  and  Sostea.  Dryops  opacm,  Grouv.,  is  the  common  species 

found  frequently  at  light  in  the  plains  and  hills. 

CiOIDjE. 

Antennv  of  eight  to  eleven  joirds,  with  a  three-jointed  club. 

Tarsi  usually  of  four  joints,  the  first  small,  the  last 

long.    Abdonwn  of  five  segments,  first  longest. 

Small  insects  of  cyliudiical  form,  uniformly  coloured  in  deep  brown 

or  yellow,  with  small  impressed  points  on  the  elytra.    The  beetles  are 

found  in  corky  mushrooms,  usually  in  all  stages  of   development    to- 

gether.   Lyrtoxylon  japonum,   Koitt.,  is  I'ecorded  from  the  Himalayas 
and  Japan. 

BoSTRYCHIDiB. 

ArOcnnn  with  a  three-joirUed  club.  Tarsi  five-jointed, 

basal  joint  small,  second  and  fifth  long. 

The  family  is  recognisable  most  easily  by  the  cylindrical  form,  the 

produced  and  tuberculate  prothorax  in  many  cases,  and  the  general
 

resemblance  to  Scolytida-,  from  which  they  differ  in  the  straight  (not 

elbowed)  antennsr,  in  which  the  apical  joints  are  often  expanded  
on  one 

side  only,  and  in  their  tarsi,  which  are  five-jointed.    Th
ey  are  ̂ mall 
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insects,  scarcely  as    much  as  a  quarter  of   an  inch  long  and  neaily 

always  the  dull  black  or  deep  brown  of  wood-boring  and  light-shun- 

-^■^'*«%, 

Fig.  193. -H0STK\(  HI'S    KJUALIS     I.AKVA,  IMAc.O  ANIi  HOKhll  WOOD.     |I.  M,  N.] 

ning  insects  The  body  is  cylindrical,  the  integument  thickened  and 

hard,  the  structure  compact  and  the  insect  well  fitted  for  boring  tun- 

nels in  wood.  The  legs  aie  short,  the  femora  and  tibiae  broadened, 

folding  up  under  the  body,  the  trophi  are  well  developed  and  poweifui. 

In  many  the  front  of  the  prothoiax  overhangs  the  head  and  is  toothed 

and  roughened,  while  in  some  the  body  terminates  behind  in  a  flat  slope 

in  which  are  tubercles,  as  if  the  hind  end  had  been  cut  off  obliquely 

and  tubercles  put  in  for  the  beetle  to  get  a  purchase  on  the  sides  of  the 

tunnel.  Males  and  females  aie  alike  in  appearance,  the  former  the 
smaller. 

The  life-history  of  some  species  is  known  and  details  must  be  sought 
in  the  literatuie  of  forest  insects  Jn  general,  the  beetles  bore  tunnels 

in  wood,  depositing  eggs  in  these  tunnels ;  the  larva;  are  white,  the  body 

white,  soft  and  tapering  behind,  the  apex  curled  round  underneath. 

Thoracic  legs  are  usually  present,  ?yes  are  absent  and  there  are  small 

four-jointed  antennae.  The  larval  food  is  the  same  as  that  of  the 

imago ;  pupation  takes  place  in  the  larval  tunnel,  no  cocoon  being 

formed.  In  the  known  common  plains  species  there  are  at  least  two 

broods  yeaily,  the  beetles  emerging  after  the  cold  weather,  a  biood 
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being  completed  before  the  rains  and  a  second  brood  commencing  then  ; 
this  may  be  a  hibernation  brood  or  may  emerge  and  yield  a  third  or 

hibernation  brood.  In  warmer  parts 

of  the  plains  there  is  no  hibernation 
but  it  is  not  known  whether  there  are 

then  more  than    three  broods. 

The  family  is  of  importance  a-i  it 
contains  species  which  destroy  cut 

timber  or  dry  wood,  as  well  as  bam- 

boos ;  in  one  species  at  least,  stored 

grain  and  food  products  are  attacked. 
The  function  in  nature  of  these  beetles 

is  to  clear  away  dead  wood ;  when 
these  beetles  attack  furniture  and  cut 

wood,  as  well  as  bamboos,  they  are 

seiious  pests.  The  bamboo-boring 
speciies  are  extremely  common  in  the 

plains  but  the  remainder  are  almost 

wholly  forest  insects  and  only  foimd 

outside  forest  limits  in  dry  wood. 

There  are  two  special  points  about  the  bamboo-boring  species  that  are 
worth  note  ;  there  is  a  general  belief,  not  confined  to  India,  that 

bamboos  must  be  cut  at  certain  phases  of  the  moon  or  they  will  be 

attacked  by  Bostrychids  ;  this  is  pi'obably  connected  with  the  rise  and 
fall  of  sap.  bamboos  csut  at  one  time  containing  less  sap  than  those  cut 

at  another  ;  secondly  it  is  a  general  custom  to  soak  bamboos  in  water 

for  a  number  of  days,  after  which  they  are  not  attacked ;  any  one 

may  observe  the  effect  of  this  by  using  unsoaked  bamboos  in  a  roof  ; 

they  are  attacked  very  heavily  and  almost  at  once,  while  soaked  bam- 

boos are  not ;  the  explanation  probably  is  that  soaking  removes  not 

only  sugar  and  soluble  carbohydrates  but  also  albumens,  and  leaves 
the  bamboo  without  nutritious  content. 

Ki" 1!)4.— A.  Sioi.YTii).  Jl.  Bos- 
TlilCHin  ANTENNA. 

These  beetles  suffer  from  a  considerable  number  of  enemies,  small 

beetles  which  invade  their  tunnels  and  attack  them  or  their  young. 

HisteridcB  of  the  genera  Teretriosoma  and  Te.rHrivs  are  found  in  their 



^\fi  COLEOPTERA. 

burrows  and  Lesne  mentions  a  Colydiid  beetle  (Bothrideres)  which  lives 

upon  Sinoxylon  crassum.  Cleridce  attack  them  also  (Cylidrus,  Denops, 

Tillus,  Opilo.  etc.),  and  a  Melyrid  (Axinotarsus)  is  also  recorded.  Hy- 
menopterous  parasites  are  known  but  are  uncommon. 

The  family  has  recently  been  monographed  by  Lesne  (Ann.  Soc. 

Ent.  France,  1896,  p.  9.");  I8<)7.  p.  319:  I89H,  p.  438;  ]90(),  p.  47H  : 
190(i,  p  44.5).    He  divides  it  as  follows  : — 

1.  Psoincp. 

11.  PolycaoniiKT. 
Ill .  Dhwderince. 

TV.  BostrichincE . 

1.  Bostrichines.  Bostrichi. 

Xyloperthi. 
2.  Apatines. 

'^.  Sinoxylonines. 

Of  the  Pnlycaonivcp.  one  Indian  Heiemrthron  is  recorded.  The 

Dhwderince.  fiostrirhmen  and  Sinoxylinex  arc  alone  of  any  importance 

in  India.  In  the  first,  five  species  of  Ditioderus  and  one  of  Rhzoperthn 

occurs  in  India.  Of  the  Bostrichines,  there  are  nine  Bostnchi,  and  seven 

Xyloperthi  recorded.     In  the  Sinoxylines,  17  Indian  species  are  recorded. 

Dtnodtrus  distinctiis.,  Le.,  attacks  the  branches  of  mango.  D 

pilifrons.  Le.,  is  bred  in  bamboos,  both  green  and  dry,  as  in  wood.  D. 

minulus.  Fabr.,  is  smaller  than  the  prece- 
ding and  is  common  also  in  bamboos.  It 

was  also  found  in  cut  sugarcane.  Rhizo- 

pertha  dominica,  Fabr.  {pusilla,  ¥.),  is  a 

household  pest  boring  into  biscuits  and 

other  dry  stored  produce,  as  well  as  grain. 

It  is  apparently  common  in  Indian  houses 
and  we  have  reared  it  from  whiat  flour. 

Busfrichopsis  parallela,  Le.,  is  mentioned 

by  E.  P.  Stebbing  as  boring  in  bfmboos. 

Bostrychus  aequalis,  Wat.  (fig.  192),  was 

found  in  tea-boxes  from  Calicut.    Sinoxylon 

indicum,  Le.,  has   been  captured  in  many     "    Fi^.  ]95.-Dinodbrds 
localities  in  South  India  and  Burmah,  but        dwtinotcs.   [I.  M.  N.l 
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does  not  appear  to  have  been  reared.    S.  anale,  Le.,  has  a  length  of 

one-eighth  to  a  quarter  of  an  inch  and  is  commonly  found  boring  in  cut 

Fig.    I9fi       SlNOXVLON   ANALf,    X  (j. 

and  dead  wood.  A  number  of  trees  it  infests  are  recorded,  as  well  as 

bamboos  ;  apart  from  its  significance  as  a  forest  pest,  it  is  likely  to 

be  found  anywhere  in  the  plains.  It  is  the  species  twice  referred  to  in 

Indian  Museum  Notes  (ITT,  p.  123,  V,  p.  113)  and  we  have  reared  it 

from  ordinary  dry  wood  in  Behar.  S.  coniqerum,  (lerst.,  is  recorded 

in  South  India,  and  is  widespread  in  the  tropics.  iS.  rrassum,  Le.,  is 

referred  to  by  de  Niceville  (Indian  Mus.  Notes,  V,  p.  K)G)  as  boring  in 
Acacia  catechu  and  is  known  to  attack  the  cut  or  dead  wood  of  other  trees. 

Tarsi  five- jointed.     Antennce  often  with    a  feeble  three-jointed 
club.     Head  retractile  into  the  })rothorax. 

Small  beetles,  often  of  cylindrical  form,  the  integument  hard  :  the 

tarsi  are  of  five  joints,  the  basal  two  subequal  in  length  (c.  f.  Bostri- 
chidse).  The  colours  are  sombre,  dark  brown  or  black  predominating. 

The  antennae  are  often  feebly  clubbed. 

The  larvee  are  well-known  as  borers  in  wood,  furniture,  dried  fari- 

naceous matter,  books,  drugs  and  tobacco.  These  larvw  are  of  a  form 

similar  to  the  Lamellicornia,  the  body  white  and  thickset,  set  with  fine 

hairs,  and  curved  back  on  itself  ;  the  head  is  small,  with  distinct  eyes 

and  small  antennii>  usually  of  two  joints,  the  body  is  finely  wrinkled, 

and  there  are  three  pairs  of  legs.    These  larva'  eat  tunnels  and  are  very 
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destructive ;    pupation  takes    place    in  a  cocoon  in  the  tunnel 
beetles  on  emergence  couple  and  lay  eggs  soon  after. 

The   family,    which  is  a   large 
one,    is   divided   into   two,    the 
Ptinides,  with  the    antennae   in- 

serted on  the    frons.    Anobiides 
with  the    antennee    inserted    on 

the  anterior  margin  of  the  eyes. 
Ptinus  includes  the  cosmopolitan 
P.    fur,  Linn.,  a  museum   pest, 
and  P.nigemmmus,  Boi.  (?i6?w«»» 

contains  a  cosmopolitan   species. 
G.  scotias,   Czen.,  a  small  shiny 
brown  insect  with  swollen    and 

united  elytra,  and  no  wings.    It 

is   a  household  pest  and  is   re- 
corded   (Indian    Mus.   Notes,  I, 

p.  106)  as  feeding  on  the  outer 
shells  of  opium  cakes  ;  the  larva 
makes   a  hard   whitish    cocoon 

of  anal  secretion ;  we  have  reared 
it   from  the   rubbish   found    in 

The 

filJ.   1J>7. -SlTODKEPA   PAKICRA— I.ARV* 

ANI>  IMA  no 

the  bottom  of  a  cupboard  of  papers 
in  an  office  in  Dharwar ;  the  insect  is 

common  in  Egypt  and  the  East, 
feeding  on  all  manner  of  dried  animal 
and  vegetable  matter  and  is  recorded 
from  a  box  of  cayenne  pepper. 

Of  the   Anohiidea,   Anobium  is  the 

best  known,  the  larvsp  boring  in  dry 
wood  and  furniture,  the  beetles  in  the 

tunnels  producing  the  knocking  noise 

.known  in    England  as    the    "Death 
Watch."  Anobium  (Sitodrepa)  panicea, 
Linn.,  is  found  attacking  books,  papers, 

dry  wood  and  similar  dried  vegetable  matter.    Th"  beetle  and  grub  are 
both  borers,  making  neat  cylindrical  tunnels  in  which  they  live.    The 

98.— OlBBIUM  HCOTIAK. 

[I.  M.  N.] 
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beetle  is  said  to  knock  with  its  head  in  the  tunnels,  as  a  signal  presum- 

ably to  others  of  its  kind.  This  is  a  cosmopolitan  insect  and  is  common 

in  books  in  this  country.  Lasioderma  lestacea,  Duft.  (Plate  XIX ), 

is  slightly  broader  but  otherwise  similar  in  appearance,  pubescent  brown 

with  five  lines  on  the  elytra.  It  bores  in  cheroots  and  cigarettes,  the 

larva  also  boring  in  the  same  place.  This  insect  is  a  serious  pest  in  cured 

tobacco  and  any  form  is  liable  to  become  infested.  The  larva  pupates 

in  a  case  in  the  tobacco  or  between  the  cheroots  and  the  life-history  is 
a  short  one.  It  is  recorded  as  attacking  opium  in  the  Gaaipur  Factory 

(Indian  Mus.  Notes,  1,  p.  57)  and  is  a  well-known  insect  in  South  Indian 
tobacco  factories.  It  may  also  be  found  in  turmeric  and  probably 

other  drugs  sold  in  the  bazaars.  In  addition  to  the  above  household 

species,  nine  species  have  been  described  from  this  country.  No 

details  of  the  lives  of  these  free-living  species  are  available. 

MALACODEBMAT  A . 

This  group  may  be  divided  as  follows  :— 

Lycidw. 
Lampyridce. 
Telephorida>  {Cantharida-).  \-  Here  treated  as  Malncodermidw. 
Drilida), 

MelyridcB.    (Malachiidce.) 
Cleridce. 

Lymexylonidw. 

Rhagophthalmidw. 

Amongst  important  recent  papers  are  Gorham's  on  the  Andrewes 
collection  (Ann.  Soc.  Ent.  Beige,  1895,  p.  294  ;     1903,  p .  323  ;  Proc. 

Zool.  Soc,  London,  1889,  p.  96)  and  Bourgeois'  papers  (Ann.  Soc.  Ent. 
Beige,  1892,  p.  7  ;  U)05,  p.  46;  1906,  p.  99  ;  1891,    CXXXVII ;  Bull. 

Soc.  Ent.  France,  1896,  p.  117;    Ann.    Soc.   Ent.    France,  1903,    p. 

478;  1905,  p.  127).    For  Lycidop,  Waterhouse's  Illustrations  of  Typical 

Coleoptera,  Vol.  I,  is  valuable  and  the  Lampyrido'  are  listed  by  Olivier 
in  Genera  Insectorum. 

Malaoodermid^. 

Tarsi  five-jointed.    Integument  soil.    Six. 

seven  or  eight  ventral  segments. 

This  family  is  a  large  assemblage  of  forms    which  are  difficult  to 

define  accurately  but  which  are,  as  a  general  rule,  easily  recognised. 
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The  colours  are  often  sombre,  though  many  are  yellow  and  a  few  a  vivid 

red.    They  vary  in  length  up  to  nearly  half  an  inch.    The  body  is  flat- 

Fig.  199.— Ma('roly<  us 
now  KIN  01. 

MII>    r  ARVA,    X   a  ^^^BWi^jV.  LAKVA,  X  3.      THK  IJ(,H1 
PATt'UES  ON  TUB  APEX 

OK  THE  ABDOMKN  AHt' 

LUMINOUS. 

FlK-  202  — LUMINUUh    MAI.ACX)bEK 
MII>  hkUVA'    OK  FRMALEH,     K   1 

tened,  the  integument  soft,  the  body  without  that  hardness  and  rigidity 
which  is  a  feature  of  most  beetles.  The  head  is  generally  concealed 

under  the  prothorax  ;  the  antennse  are  often  pectinate,  sometimes  mo- 
uiliform,  serrate  or  vaguely  Abbed.  The  large  flat  pronotum  fits 

loosely  to  the  elytra,  the  latter  lying  over  the  abdomen  but  not  accu- 
rately adapted  to  it.  The  mouth-parts  are  usually  feebly  developed. 

Sexual  dii!ei«nces  are  marked  in  a  number  of  characters  (most  easily 

in  the  larger  eyes  which  are  often  contiguous  in  the  males)  and  some 
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females  never  attain  to  the  winged fonn  but  remain  as  incompletely 

matured  insects  or  are  of  the  form  of  the  males  but  with  incompletely 
developed  wings.     The  females  of  many  species  are  unknown. 

Though  these  beetles  are  among  the  most  abundant  of  Indian 

insects,  little  is  known  of  their  metamorphosis.  They  are  themselves 

found  in  the  moist  warm  parts  of  India  in  great  abimdance,  in  the  drier 

parts  of  India  in  the  rainy  season  only  and  less  abundantly.  The 

beetles  are  found  during  the  day  on  plants,  the  brightly  coloured  ones 

openly,  others  in  concealment,  and  they  come  out  at  night,  only  for  a 
short  time  at  a  regular  hour.  Some  are  probably  vegetable  feeders, 

some  predaceous,  and  their  larva*  are,  in  some  cases,  known  to  be  pre- 
daceous  on  molluscs.  One  appears  to  have  been  reared  in  India  ;  the 

larva  of  Lamprophorus  nepalensis  is  mentioned  and  figured  : — (Ritsema. 

Tiydschr,  Ent.  XXXIV,  p.  CXIV,  and  Notes  Leyden  Mus.  XIII,  pi., 
X,  1891). 

In  moist  localities,  as  in  the  submontane  forest  areas,  are  found 

the  peculiar  flat  larvae  (Fig.  201)  of  the  sub-family  Lampyrinee. 
These  insects  are  often  over  one  inch  long,  the  segments  flattened,  the 

notum  forming  a  flat  plate  which  covers  the  segment ;  the  head  is  con- 

cealed under  the  large  pronotum  and  is  protrusible,  with  small  antennie, 

slender  curved  mandibles  and  inconspicuous  mouth-parts.  There  are 

three  pairs  of  short  legs,  and  the  ventral  surface  of  each  segment  has  a 

brush  of  short  stiff  hairs ;  from  the  apex  of  the  abdomen  are  protruded 

a  bunch  of  soft  slender  filamentous  processes  which  act  as  a  sucker  and 

give  a  firm  hold  on  the  soil.  These  are  retractile  and  are  normally  com- 

pletely retracted  into  the  rectum.  On  each  side  of  the  eighth  abdominal 

segment  is  an  oval  white  patch  which  becomes  luminous  at  the  will 

of  the  insect.  The  reduced  spiracle  occupies  the  middle  of  this  patch, 

the  remaining  spiracles  being  larger.  This  luminosity  is  very  striking, 

a  bright  greenish  white  light  being  emitted.  The  light  is  evidently 

under  the  control  of  the  insect  and  can  be  quickly  produced,  though  on 

the  cessation  of  stimulus  it  fades  only  slowly.  The  luminous  patches 

are  on  the  ventral  surface  and  though  the  overlapping  dorsal  plate  is 

to  a  large  extent  transparent,  the  light  is  emitted  principally  upon  the 

ground.  These  insects  are  nocturnal,  are  dependent  upon  moist  condi- 

tions and  feed  upon  snails.  A  large  specimen  required  at  least  six 

small   snails   daily   and   with   sufficient   moisture   and  enough  snails 21 
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1.    Lycincp, 

In  India  the  Lamppide  division  of  this  family  includes  the  only 
luminous  insects  ;  the  only  other  light-emitting  insects  in  which  the 

light  is  the  direct  production  of  the  insect's  tissues  are  the  species  of 
Pyrophorus  {ElatfridcB),  which  are  confined  to  the  Neotropical  Region. 

This  large  family  is  divided  into  sub-families  (tribes)  as  follows  : — 

'.    Antenngp  inserted  on  the  frons 
or  at  the  base  of  the  rostrum 

dorsally. 

(a)  Intermediate  coxsp  separated. 

(h)  „  ,,      contiguous, 
antennae  sub-contiguous. 
Antennae  distant. 

11,    Antennae  inserted  laterally  in  front 
of  the  eyes. 

(a)  Clypeus  not  distinct. 

(6)  Clypeus  separated  by  a  suture. 

LycincB. — Over   fifty  species  are  recorded  from  India,  largely  from 
hill   forest  localities.     Red  and   orange  are  prevailing   colours    in  our 

species ;  the  beautiful  Lycostomus 

prceustus,  Fabr.,  is  found  in  the  plains, 

a  deep  orange  insect  with  the  elytra 

tipped  with  black.  We  have  seen 

bushes  so  clustered  with  red  Lycos- 

tomus as  to  appear  to  be  covered  with 

red  blossoms.  L.  rufiventris,  Wat.,  is 

another  of  our  species,  the  colouring 

bright  red  ;  it  rests  by  day  openly  on 

a  plant  or  grass  stem,  and  is  active 
at  night  only. 

LampyrimB  are  monographed  by  E. 
Olivier  in   Genera  Insectorum  (1907). 

2. 3. 

LampyrincB. 

Tehphorino). 

Drih'ncB. 

Melyrinoe. 

Fig.  203.— Lycohtom  us 
THORACICUH. 

Indian   species  are  as  follows 

Lucidotini 

Lamprophorini 

Lucernuta  9. 

Lamprophoms  10. 

Diaphanes  17. 

Lampyris  1. 
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throve  in  captivity.  The  luminosity  is  not  used  in  feeding;  the  insect 
seizes  a  snail,  curls  over  on  its  back  with  the  snail  held  in  its  legs  and 

slowly  devours  the  muscular  part,  leaving  the  alimentary  canal. 

This  has  been  observed  frequently  and  the  luminous  organ  is  not  func- 
tional. What  purpose  this  organ  serves  in  a  larval  insect  is  not  clear 

unless  it  be  defensive.  Quite  young  specimens  exhibit  it  and  though 
none  of  these  larvae  have  been  reared,  all  that  have  been  observed  in 

India  are  sexually  immature  and  evidently  larval.  It  is  to  be  hoped 
that  these  curious  insects  will  be  investigated  by  an  observer  situated 

where  they  are  abundant  and  that  the  species  to  which  they  belong 

may  be  determined  by  rearing  them  to  maturity.  Olivier  states  that 
while  the  larvae  are  well  known,  in  no  single  case  has  a  larva  been 

reared  and  the  imago  identified.  A  larva,  apparently  of  this  group, 

was  found  in  Behar  (Figs.  199,  200),  an  elongate,  slightly  flattened 
insect,  of  a  dull  reddish  tint  with  soft  integument ;  the  legs  were  well 

developed,  and  at  the  apex  of  the  abdomen  below  were  two  light-emit- 
ting patches.  Apparently  this  was  a  mature  larva  seeking  a  place  in 

which  to  hibernate  or  pupate. 

The  nature  of  the  luminosity  of  these  insects  has  been  much  dis- 
cussed ;  certain  tissues  of  the  bodies  of  these  beetles  have  the  power 

of  giving  off  light,  just  as  other  tissues  exert  a  mechanical  action  or 
emit  electrical  energy.  The  luminosity  is  under  the  control  of  the 

insect  and  heat  is  not  produced.  It  has  been  remarked  that  these  in- 
sects can  convert  a  quantity  of  energy  into  its  full  equivalent  of  light 

without  loss  due  to  the  production  of  heat ;  no  means  are  known  of 

doing  this  artificially  and  even  the  most  modem  devices  for  light  pro- 
duction convert  only  a  fraction  of  the  energy  into  light.  The  precise 

object  of  this  luminosity  is  not  clear  ;  while  most  of  the  beetles  are  noc- 
turnal, a  few  are  actually  diurnal  in  habit  and  the  luminosity  would  not 

appear  to  have  any  value.  In  the  case  of  nocturnal  species,  the  emis- 

sion of  light  may  serve  as  a  "  warning  signal  "  to  bats  and  nocturnal 
birds  but  there  is  little  to  support  this  view.  It  is  more  likely  that 

this  property  is  connected  with  sex,  but  it  is  also  possible  that  it  is  a 
part  of  the  vital  activity  of  the  insect  which  has  no  function  but  an 

ornamental  and  pleasing  one.  It  is  worth  noting  that  the  luminosity 
is  greatest  in  those  species  which  have  the  least  developed  antennee  ; 
forms  with  long  pectinate  antennw  are  the  least  luminous. 
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Megalophthalmini  ••    HamaUUa  2. 

LucioUni  ••  ••    Luciola  S\. 

Pyrophanes  1. 

Dia'pham  nmgmlla,  Bo.,  Luciok  Gorhami,  Rita,  and  L.  omiis,
 

Ho.,  are  the  ]\ght-mit^g  species  so  abundant  in  trees  at  night  durin
g 

the  Tainy  months.    The  males  have  a  larger  luminous  area  (three  seg- 

ments) than  the  females  (two  segments)  and  are  extremely  bright  and 

vivid  in  some  cases. 

Telephorincp. — Over  fifty  species  are  described  from  the  continent, 
but  one  of  which  occurs  in  the  plains.  This  is  Tylocerus  bimacuhtus. 

Ho.,  a  yellow  insect  with  a  black  blotch  on  each  elytron,  the  male  with 
the  basal  and  apical  segments  of  the  antenna  dilated.  In  Silis,  the 

male  antenn*  are  beautifully  pectinate,  the  beetle  flying  or  walking 

with  the  antenni'  stretched  out,  each  branch  very  long  and  erect, 
giving  the  appearance  of  a  frond  of  a  delicate  plant.  Insects  with  such 

specially  developed  antenna'  are  not  uncommon  in  deep  forest  and 
presumably  these  structures  are  associated  with  special  senses. 

By  some  authors,  the  name  Cantharis  is  associated  with  an  insect 

of  this  family,  which   would  then  be  known  as  the  Cantharidce  ;  this 

would  create  profound  confusion  in  the  mind  of  the  student,  who  asso- 

ciates the  term,  in  all  literature  up  to   now,   with  the  blister-beetles 

below.    To  such  authors,   the  Scolytidce  are  Ipidce,  the  BruchidcB  are 

LariidcB  or  Mylabridce,  the  Trogositidw  are  Temnochilidce  or  OatomidcB, 

the  Pamidce  are  Dryopida,  the  Ptinida  are  Anohiidce,  the  Cistelida 

are  AlleculidcB,  and  so  on.    It  is  to  be  hoped  that  such  alterations  in 

the  nomenclature  will,  by  the  general  consent  of  Entomologists,  be 

barred  ;  the  tendency  to  change  names  long  in  use  on  account  of  some 

purist's  discoveries  in  priority  is  deplorable ;  the  work  of  practical  and 
teaching  Entomologists  is  being  burdened  with  an  immense  nomen- 

clature constantly  increasing  in  complexity,  and  the  diificulties  of  the 

student  are  greatly  increased.    To  convert  Heliothia  armigera  to  Chh- 

ridcn  obtdeta.  to  call  Locustidce  Phasgonuridce,  to  change  the  significance 

of  such  names  as  Mytilaspis,  Dactyhpius,  Lecanium  and  Coccus,  (each 

with  a  dear  significance  to  the  practical  worker)  are  instances  of  this 

practice  referred  to  elsewhere  in  these  pages  and  which  the  student 
should  clearlv  understand. 
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DrUincB.— This  sub-family  includes  less  than  twenty  Indian  spe- 

cies. Selasia  latweps,  Pasc.  and  Dodecaloma  bicohr,  Westw.,  are  to  be 

found  during  the  rains,  delicate  yellow  and  black  insects,  with  pecti- 
nate  antennee. 

MelyrincB.  (Malachiinw).— These  beetles  are  of  small  size  and 

bright  colouring,  active  by  day  in  some  cases  and  found  occasionally 

in  great  abundance  at  flowers.  The  larva'  are  not  known.  Over 

thirty  species  are  described  and  several  are  common  in  the  plaiuis. 

flapalochrus  fasciatus,  F.,  is  a  small  beetle,  coloured  in  orange  and  me- 

tallic blue,  found  running  on  crops  and  small  plants.  Laius  jucundus, 

Bourg.,  is  smaller,  an  equally  brightly  coloured  insect,  which  runs 

actively  about  in  grass  and  on  soil.  Primocenm  bicohr,  lledt.,  is  a 

large  yellow  insect,  with  the  appeal  ance  of  the  typical  membeis  of  the 

family.  Melyris  is  represented  by  a  small  pubescent  black  insect  found 

abundantly  on  Ihe  flower  heads  of  Artemisia  in  the  hills.  It  is  quite 

unUke  most  Malacodermids,  moie  compact  and  chitinised.  and  much 

smaller.  Idyia  includes  the  typical  forms,  brightly  coloured  insects 

which  are  active  by  day  and  feed  on  the  anthers  and  stigmas  of  plants. 

Idgia  cardoni,  Bourg.,  has  been  found  to  be  destructive  in  this  way, 

though  not  on  any  scale,  destroying  the  flowering  parts  of  cereals  and 

preventing  fertilisation. 

CLEBID.S. 

Antennm  clubbed,  dentate  or  flabellate.    Lamella   under 

the  tarsal  joints.    Tarsi  five-jointed,  but  basal 

joints  of  posterior  legs  often  very  small. 

Brightly  coloured  insects,  of  small  size,  the  majority  with  warning 

colouration.    Many  are  banded  in  bright  colours,  some  uniformly  blue 

or  other  metallic  colours.    The  shape  is  characteristic,  the  head  and 

thorax  narrower  than  the  elytra,  the  sides  parallel,  the  body  cylmdrica
l. 

The  antennas  are  feebly  knobbed,  moderately  long.    The  head  is  pr
o- 

minent, the  prothorax  distinct,  the  elytra  covering  the  abdomen.     The 

legs  are  of  moderate  length,  formed  for  running. 

These  little  beetles  are  active  in  flight  and  are  found  in  the
  open 

on  flowers,  on  trees,  in  grass,  on  fallen  wood,  at  carcases
.  Some  are 

predaceouB  upon  other  insects,  notably  those  that  bo
re  in  wood  and 

bamboos.    The    bamboo    boring    Bostrichids,    as   
 also   wood-bonng 



328  OOLKOPTERA. 

more  than  the  usual  eleven  segments,  as  much  in  some  cases  as  forty. 
The  beetles  are  not  common  and  are  essentially  tropical.  Three 

specif»s  of  Callirhipis  occur  in  India. 

STEBNOXI. 

Schwarz  gives  the  following  classification  of  the  Stemoxi  : — 

Btiprestidoe.  Elateridce. 
Throscidw.  Dicronychidce. 
Eucnemidcp.  Plastoceridce. 

Cerophytidce.  Cebrionidce. 

The  Emneniidce  are  monographed  by  Bonvouloir  (Ann.  Soc.  Ent., 
France,  1870)  and  the  Cebrionidce  in  the  same  publication,  1874.  The 

student  will  also  find  Maindron's  Elateridce  in  this  publication  for  l'.)05, 
p.  319.  Elateridce  are  listed  by  Schwarz  and  Buprcstidce  by  Kerre- 
manns  in  Genera  Insectorum. 

BUPRESTID^.. 

There  is  a  prosternal  process  extending  back  into  a  mesosternal 

cavity.  The  anlennce  serrate,  short.    Tarsi  five- 
joifUed,  basal  four  joints  with  pads. 

These  beetles  resemble  Elateiidce  superficially  but  have  not  the 
hind  angles  of  the  prothorax  produced  backwards.    They  include  tiny 

Tig.  206.— PSILOPTERA  Kig.  207.— JOLODB 
PA8TU08A.  ATKINSONI. 

beetles  less  than  one-quarter  of  an  inch  long  as  well  as  large  robust  forms 
nearly  one  inch  in  length.    The  colours  are  usually  metallic,  from  dul 





PIRATE    XX.  — SrHENOPTKRA    (»OSSY
Pn. 

Cotton  Stkm  Bokkr. 

Fig,   1.     Liarva  in  stem  of  Cotton  plant. 
2.  Liarva,  magnified. 

3.  Pupa  in  stem,  x  3. 
4.  „      magnified. 

^.  Tmago  mngnifted. 
«.  Imago. 

7.  Parasite. 
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bronzy  black  to  bright  gieen  with  red  reflections.  Some  species  are 
covered  with  an  efflorescence  produced  from  a  secretion  in  the  skin. 
Warning  colouration  is  not  usually  shown  and  the  exact  significance 
of  the  colour  schemes  is  perhaps  doubtful.  The  integument  is  hard 

and  strong,  the  head  partly  sunk  in  the  thorax,  which  is'  strongly  fixed 
to  the  abdomen,  the  elytra  accurately  adapted  to  the  body  ;  the  antenna- 
are  readily  concealed  under  the  head.  The  mouth-paits  are  short  and 
of  the  herbivorous  type.  The  legs  are  short  and  fold  under  the  body 
when  at  rest.  The  wings  are  large  and  functional  in  flight.  Males 
and  females  are  similar  in  appearance  and  usually  also  in  size.  The 

life -history  of  a  few  species  has  been  worked  out  in  India  and  agrees 
with  that  of  the  group  as  a  whole.  The  larvep  are  borers  in  the  tissues 

of  plants,  some  mining  in  the  leaves,  others  boring  in  the  twigs,  the 
branches,  the  woody  stems  or  beneath  the  bark  of  trees.  The  larva 

is  of  a  characteiistic  foim,  legless  with  the  thoracic  segments  swollen 
into  a  distinct  bulb  (Plate  XX),  the  abdomen  very  long  and  slender. 

The  swelling  fits  the  bore  made  in  the  plant  and  gives  the  larva  the 
necessary  hold  to  move  along  the  bore  or  to  work  with  its  mandibles 
against  the  hard  tissues.  Pupation  takes  place  in  the  bore,  the  pupa 
lying  naked  in  a  chamber  made  by  closing  the  bore  with  debris,  as  a 
rule  ;  the  larva  prepares  the  hole  of  exit  for  the  pupa,  leaving  only  a 

thin  covering  of  bark  through  which  the  beetle  can  readily  emerge. 

The  beetles  feed  on  leaves,  eating  the  parenchyma  and  leaving  the 
veins  only.    They  fly  actively  and  are  diurnal. 

The  large  species  have  a  life-history  lasting  one  year  at  least,  and 
the  beetles  are  seen  at  one  season  in  the  year  only.  Some  at  least  of 

the  smaller  species  have  several  broods  in  the  year  depending  upon 
their  foodplants.  Hibernation  appears  to  be  passed  in  the  larval  and 

in  the  imaginal  states.  A  few  are  pests,  those  which  breed  in  culti- 
vated plants  such  as  guava,  cotton,  jute,  groundnut  and  citrus  trees. 

The  family  is  of  more  importance  in  Forestry  than  in  Agriculture. 

Hymenopterous  parasites  attack  these  larvae  just  as  they  do  other 
boring  larvse,  and  birds  are  known  to  feed  on  the  beetles. 

This  family  is  a  very  large  one  and  widely  spread,  with  nearly  300 

recorded  "Indian"  species.  Kerremanns  divides  the  family  into 
12  sub-families,  which  need  not  be  touched  on  here  (see  Ann.  See.  Ent., 
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Belg.,  XXV,  p.  165)  ;  he  has  recently  listed  the  known  species  in  Genera 

Insectorum  and  is  monographing  the  species  of  the  world.  By  far  the 

larger  number  of  recorded  Indian  species  are  Himalayan  or  Burmese. 

A  very  small  number  are  common  in  the  plains  with  a  small  number 

that  have  been  occasionally  recorded. 

Sternocera  includes  large  brightly  coloured  species,  of  somewhat 

oval  shape,  with  smooth  elytia  and  deeply  punctate  pronotum,  the 

sternal  process  prominent.  They  are  rarely  found  outside  the  hills 

and  forest  areas,  S.  chrysidioides,  C.  &  G.,  and  jS.  nitidicolUii,  C.  &  G.. 

being  occasionally  captured. 

Julodis  is  of  similar  form  but  without  a  marked  sternal  process, 

the  elytra  pointed  at  the  apex.  J.  atkinsoni,  Kerr.,  was  reported  (in 

error)  as  an  injurious  insect  in  the  Punjab  but  is  rarely  found  in  North- 

West  India.  It  appears  to  be  a  genus  characteristic  of  sandy  desert 
areas. 

Chrijmrhroa  includes  17  Indian  species,  of  which  C.  mutabilis,  Oliv., 

is  found  in  the  plains.    This  is  a  metallic  gieen  insect  with   red  reflec- 

tions especially  at  the  margin  of  the  elytra,     j 
C.  chinensis,  C.  &  G.,  is  the  beautiful  green 
and  red  beetle  sold   as  a  curiositv  in   the 

hills   and     very    common    in    some    forest 

localities,  while  C.  edwardsii.  Ho.,  is  the  big 

yellow-blotched    species    abundant   in  the 
Khasi  hills  and  also  a  somce  of  income  to 

the  Khasi  insect  collector. 

Psiloptera  cupreosplendens,  Saund.,  is 

occasionally  caught  in  the  plains,  a  smaller 

green  and  red  metallic  insect,  the  elytra 

much  pimctured. 

Sphenoptera  is  the  most  abundant  in  culti- 

vated areas,  several  species  being  found  breed- 

mg  in  wild  or  cultivated  plants.  They  are 

deep  metallic  bronzy  insects,  not  pf  large  size  and  by  no  means  easy  to 

discriminate.  Kerremanns  gives  20  Indian  species.  S.  gossypii,  Kerr. 

(Plate  XX),  is  the  cotton  stem  borer  of  the  cotton  areas,  apparently  wide- 

spread over  India,  and,  as  a  rule,  very  common  but  only  once  found  in 

Fig.  208.— CHRysoCHROA 
CHINENBIh 
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Behar.  Its  life-history  is  elsewhere  described  (Indian  Insect  Pests, 

p.  100).  Another  Sphenoptera  is  a  serious  enemy  to  groundnut  [Ara- 

chis  hypogea),  the  larvae  boring  in  the  underground  rootstock.  It  is 

abundant  in  South  India.  Belionota  praaina.,  Thunb.,  is  found  boring 

in  guava  and  mango  trunks  and  is  found  commonly.  It  is  a  very  dark 

metallic  blue-black,  the  pronotum  with  a  lateral  indentation  and  red 

blotch,  the  elytra  with  four  fine  longitudinal  ridges. 

Fijf.  '2U).-  AdKims 
nKISATOK. 

Fig.   '209.— IIELIONOTA 
PKAMINA. 

Kerremanns  lists  nearly  1,100  species  of  Agrilus,  38  of  which  are 

Indian.  A  species  that  is  probably  A.  (jrisator,  Kerr.,  has  been  reared 

from  lemon  trees  and  another  species  breeds  in  the  same  plant.  They 

are  small  linear  beetles  of  varied  colouring. 

Finally,  we  have  the  still  smaller,  more  oval  forms  included  in 

Trachys,  41  out  of  260  of  which  Kerremanns  records  as  Indian.  So 

far  as  is  known,  the  larva'  of  these  beetles  are  leaf  miners  and  one 
has  been  reared  from  the  leaves  of  Jute,  another  from  Beal.  Several 

species  are  common. 

Thbosoid.«. 

Represented    by    Throscus  (Trixagus)   propriun,  Bonv.,  found  in 
North  India. 

EuCNEMIDiE. 

Twelve  species  are  recorded  from  different  localities  in  the  hills. 
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larvee  elsewliere  are  cylindrical  and  elongated,  the  segments  smooth 

and  fitting  closely  to  one  another,  the  whole  head  and  body  forming  a 
smooth  flexible  cylinder.  There  are  three  pairs  of  legs,  and  the  hind 

end  terminates  in  hooks  and  chitinised  processes  which  probably  give 
the  larva  leverage  on  the  soil  or  other  medium  in  which  it  lives  and 

facilitates  rapid  locomotion. 

On  the  analogy  of  known  European 
forms  there  can  be  no  doubt  that  these 

brown  shiny  larvsp  are  those  of  Elateridcp 

but  the  difficulty  is  to  rear  them.  It  is 

uncertain  whethei  they  feed  on  roots  oi 

other  vegetable  matter  or  whether  they 

are  predaceous  on  other  insects  and  so  on 

those  which  really  injure  the  roots  of 

plants  (e.g.,  Mehlonthidce).  They  are 

associated  with  damage  to  roots  but  may 

not  cause  it,  and  we  are  not  aware  of  any 
instances  of  damage  to  roots  by  Elaterids 

in  India.  In  the  known  species,  the 

development  is  slow  and  several  years 

are  occupied  in  the  metamorphosis. 

Nothing  is  known  as  to  their  enemies, 
none  arc  known  to  be  pests  in  India,  and 

there  are  as  yet  no  data  as  to  their  hibernation  or  seasonal  occurrence, 

save  the  very  general  observation  that,  like  most  insects,  they  are 

found  most  abundantly  in  the  rainy  season. 

The  family  is  so  large  and  complex  that  the  preliminary  difficulty 

of  identifying  or  even  separating  the  distinct  species  is  at  present 

insuperable.  Practically  all  the  known  Indian  species  were  described  by 

Candeze,  whose  works  must  be  consulted.  Schwarz  has  listed  the 

ElateridcB,  as  apart  from  the  EucwmidcB,  etc.,  in  Genera  Insectorum 

(1906),  enumerating  503  species  as  occurring  in  India  and  Bunnah 

alone.  This  cannot  be  more  than  a  part  of  the  actual  species  and  new 

species  are  found  in  quantity. 

Of  the  28  sub-families,  21  are  represented  by  Indian  forms.  The 

light-emitting  Pyrophonni  are  confined  to  the  new  world  and  do  not 

Ki(f.  21.S.— Larva  op  alauh 
OCULATDS. 

[A,flfr  Clinpiiiii.) 
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ElateriujB. — Click  Beetles. 

The  kind  angles  of  the  tfiorax  usually  produced  backwards,    A  pros- 
ternal  jtrocess  received  in  the  mesostemum.     Antennm 

often  serrate  or  pectinate. 

A  very  large  family  of  small  or  large  beetles  recognizable    usually 

at  sight  from  the  very  striking  general  facies  peculiar  to  the  family. 
The  large  forms,  which  are  half   an  inch 

and  more  in  length,    are  in  many  cases 

brightly    coloured,    the    small  forms,  of 

which  there  are  a  great  number,  in  dull 

tints  of   brown  or  yellow.    The  antenna- 
are  moderately  long  and  of  varied   form. 
The   head  is  small  and   embedded  in  the 

solid    prothorax.       The     prothorax     is 

remarkably  large  and    powerful,   fitting 

loosely  but  accurately  to  the  elytra,   the 

lateral  angles  prolonged  backwards.     On      Piff- 2".-AnKyPNcs  
fubcipes. 

the  ventral  surface  is  a    process,    which 

passes  into  the  mesosternum  in  which  is  a  cavity  fitted  to  it.  The 

abdomen  is  long,  covered  by  the  hard  elytra  ;  the  legs  are  moderately 
long  and  formed  for  running.  The  striking  structure  of  the  prothorax 

is  associated  with  the  faculty  many  of  the  beetles  have  of  leaping  up 
with  a  click  when  placed  on  a  flat  surface  with  the  venter  upwaids. 

Although  these  beetles  are  common  everywhere  in  India,  and  there 

is  an  abundance  of  «»pecie8,  practically  nothing  is  actually  on  recoid'as 

Fiff.  212.— LiUVA  OF   A0RYPN17S   FDHOIPBH. 
(From  Wmfwootl.) 

to  the  life-history.  We  figure  frpm  Westwood  a  larva  possibly  that 
of  Agrypnus  fuscipes,  the  commonest  large  Elaierid  of  India,  We  are 

not  aware  that  any  species  has  actually  been  reared,  though  larvae  that 

are  probably  of  this  family  can  be  found  commonly  enough.    The  known 
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occur  in  India.  Agrypnus  (13  spp.)  includes  the  large  forms,  ̂ ./wsci- 

pes,  Fabr.  (fig.  210),  being  the  common  large  black  click-beetle  of 
the  plains.  Lacon  (44  spp.)  is  a  common  genus,  with  several  plains 

species,  smaller  forms,  with  somewhat  expanded  prothorax.  Camp- 
sostemus  (.30  spp.)  are  large  insects  of  metallic  colouring,  usually 

green,  abundant  in  hill  forests  and  of  striking  appearance.  The  ex- 
tremely common  small  click-beetles  which  come  so  abundantly  to  light 

in  the  plains  during  the  rainy  months  are  species  of  Heteroderes  (16  spp.) ; 

nothing  is  yet  known  of  their  life-history  or  habits,  in  spite  of  the 
numbers  in  which  they  occur  ;  they  are  wholly  nocturnal,  the  beetles 

found  by  day  in  hiding  on  plants,  in  bark,  under  dry  leaves,  etc.  Car- 
diophorus  (75  spp.)  is  widely  spread  over  the  plains  and  abundant; 
C.  stolatus,  Er.  is  a  small  beetle,  the  elytra  chestnut  with  a  black  fascia, 

also  very  abundant  at  light.  Cardiophorus  qitadrimaculatus,  Motsch,, 
has  yelJow  blotches  on  the  elytra  and  is  conspicuous.  Melanotus  (23) 

includes  larger  dark  brown  species,  M.  fuscus,  Latr.,  common  in  Kanara 
and  the  hills,  other  species  occurring  in  the  plains.  Penia  eschscholtzt , 
Cost.,  is  a  broader  rounder  beetle  of  a  bright  brown  colour  with  ochreous 

fasciae,  common  m  the  Himalayas.  Plectrosternus  rufus,  Lac,  is  the 
large  red  beetle  with  black  longitudinal  grooves,  in  which  the  prothorax 

is  small  and  the  antennae  conspicuously  serrate  Hemiops  crassa,  Gylh., 

is  smaller,  the  ground  colour  yellow  but  equally  conspicuously  coloured. 

D1CR0NVCHIU.B. 

These  are  separated  as  a  distinct  family  by  Schwarz  on  account  of 
the  absence  of  penis.  Two  species  of  Dicronychus  occur  in  India,  of 

which  D.  cinnamomeus,  Cand.,  is  not  uncommon  in  the  plains,  a  small 
brown  beetle  with  the  typical  facies  of  the  Elatcridce. 

Cebrionid^. 

A  single  species  is  described  as  Indian.  Sandalus  orientalis,  Bourg. 

HETEBOMERA. 

A  distinct  series  of  beetles,  vhose  classification  into  families  is 

not  clear.  Four  families  are  easily  distinguishable  as  far  as  Indian 
forms  are  concerned. 



TKNKBRIONim:. 
335 

TenebrionidcB  include  a  large  number  of  the  species,  the  tarsi  not 

lobed,  the  claws  smooth,  the  body  compact  with  close  fitting  elytra. 

MordellidcB  have  the  head  peculiarly  formed  and  inflexed,  the  hind 
coxae  with  sharp  plates. 

CantharidcB  have  the  head  with  a  neck,  the  tarsal  claws  with  appen- 
dages, and  the  elytra   not  fitting  the  abdomen  closely. 

TrictenotomidcB  are  large,  with  long  antenna-  often  serrate  at  the 
tip,  long  curved  mandibles  and  resemble  CerawhycidcB. 

The  remaining  eleven  families  are  of  less  importance  and  less 

easily  recognisable.  For  papers  on  this  group,  see  Fairmaire's  f)aper8 
on  the  Kurseong  and  Andrewes'  collections.  (Ann.  Soc.  Ent.,  Beige, 
1894,  p.  17  ;  1896,  p.  6). 

Tenebrionid^. 

ArUenna  of  eleven  joints,  under  a  projection  of  the  side  of    the  head. 
Tarsi  heteromerous,  simple.    Abdomen  of  five  se-gments. 

A  large  family  of  beetles  generally  of  sombre  colour,  found  most 

abundantly   in    deserts    and  dry  places.    They   are  of  moderate  size, 

—   1     many  of  some  bulk  and  weight.      The 
.  .  antennae  are'  short  and  of  varied  form ; 

«»^  \  ̂ ^  C-^'  the  trophi  are  of  the  biting  herbivorous 

C^^^^^     T  type.    The  body  is  hard,  often  fiatten- 

^^^^K       I  ed,  often  globular,  the  elytra    fitting 

/^^^^■\  closely    and    in    the    apterous    forms 

/^J^^^^gk^^  soldered  together.    Sexual  differences 

X^^^mJ  occur  in  a  few,  as  in  the  erect  horns 

y^^^f  on  the  head,  the  dilation  of  the   tarsi, 
r  1    ,  or  the  presence  of  the  tuft  of  hair  on 

'^v^^^l^B^^Jf  the  abdomen  of  the  males. 

fl||H|H^^^  Little  is  known  of   the   life-history 

j^"^/^ *^V  and  but  few  species  have  been  reared 
'  f  »  in    India.      The  larvae  are  elongate, 

thickened   integument ;  the  hind  end 
bears  often  two    dorsal  hooks   and  a 

Fig.  214.— OrXTBUM  DKPEKSSUM. 

[I.  M.  N.] 
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ventral  retractile  process  ;  the  legs  are  present  and  functional  in  run- 
ning.   The  larvse  are  extremely  difficult  to  find  ;   Opatrum  is  in  some 

places  found  literally  in  millions  but  its  larva  never  ;  larvse  have  been 

obtained  first  in  captivity  and  then  in  the  field  only  after  prolonged  search- 
ing. The  known  larvse,  like  the  known  beetles,  feed  on  dead  vegetable  mat- 

ter such  as  decaying  leaves  ;  this  also  appears  to  be  their  food  in  desert 
places  where  there  is  a    layer  of  leaves  below  each  bush  ;  we  have  seen 
these  desert  forms  come  out  in  numbers  and  feed  on  locust  hoppers. 
The  function  of  the  family  essentially  is  that  of  scavenging  the    dead 
vegetable  matter  that  falls  in  such  abundance  and,  excluding  the  house- 

hold   pests,   none    are    injurious.    The  prevalence  of  deep  black  as  a 
colour  is  to  be  expected  since  they  are  insects  which  shun  light  and 
which  live  in  dark  places  where  they  are  well    hidden ;    the  colouring 
strikes  one  when  one  sees  these  beetles  in  sandy  deserts  as  in    North 
India,   but  the  colouration  is  of   use  since  the  beetles  rapidly  recover 
from  the  torpidity  due  to  the  chill  of  the  air  at  night  by  coming  out 
into  the  sunlight  at  sunrise  for  a  short  time  before  going  into  the  bushes 
to  feed.    These  beetles  are   a  striking  feature  of  the  sandy  wastes  of 
North  India  where  insect  life  is  so  scanty  and  these  species  are  very 

imperfectly  known  and  probably  peculiar  to  such  localities.    Not  all 
Tenebrionids  live  on  the  soil  in  concealment,  though  most  do  so  ;  they 

really  fall  into  two  series,    the  light-seeking   and  the    light-shunning 
species,    the    latter  predominating.    They  are  found  among  decaying 
vegetation,  among  fallen  leaves,  under  bark,  in  thatched  roofs,  between 
the  timbers    of    a   house   and  generally  in   concealment.    Practically 

nothing  is  known  as  to  the  length  of  their  life-histories  or  their  seasons  ; 
a  yearly  feature  is  the  emergence  of  numbers  of  the  very  common  beetle 
Mesomorpha  vUliger,  which  breeds  in  dry  leaves  and  wood  and  which 
emerges  abundantly  to  fly  in  the  warm  evenings  in  March  in  the  plains. 
In  the  warm  winter  of  1907,  these  beetles  emerged  on  February  25th, 

an  exceptionally  early  date.    Opatrum  appears  to  have  no  season,  nor 
do  most  of  those  which  we  have  found  abund!antly  in  the  plains,  though 

Blaps  is  found  only  in  the  co'd    weather  and  probably  has    a  yearly 
period. 

The  family  is  a  very  large  one  with  a  great  number  of  species.  The 

geographical  distribution  is  wide,  but  the  ground  species  appear  to  be 
most  abundant  in  Africa,  the  Mediterranean  and  Caspian  littoral,  and 
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in  certain  centres  in  the  New  World.  India  possesses  but  a  small 

number  of  the  large  total  of  species  and  but  few  come  into  our  plains 
fauna. 

About  300  Indian  species  are  recorded,  of  which  perhaps  fifty  are 
found  in  the  plains.  The  individual  species  are  difficult  to  discrimi- 

nate  and  no  comprehensive  work  on  the  Indian  species  is  in  existence. 

The  Cardon  and  Andrewes  collections  have  been  described  (Ann.  Soc. 

Ent.,  Beige,  1894,  189())  and  a  number  of  species  added  lately,  but  the 
literature  is  scattered  and  the  family  requires  revision.  We  are  not 
aware  of  any  records  of  life-histories  or  habits. 

Polposipus  hercuUanuH,  Sol.  is  a  large  species  covered  with  hair, 

whose  characters  are  so  odd  that   Lacordaire  states  that  he   thought 

the  original  describer  might  have  had  before  him  a  ' '  faked  ' '  insect, 
the  head,  legs  and  body  belonging  to  tlirop  distinct  genera.     Tenebrio 

contains  T.  molitor,  whose  larva  is  so  common  in  meal  and  flour  and 

whi(!h   is    bred    in    large   numbers    as  food  for  cage  birds.     It  is  now 

cosmopolitan.    Rhytinota,  Pachycera,  Ht/perops  and  Himatismus  include 

rather  elongate  beetles  of  a  dead  black  colour  and    small   size,   found 

sometimes  in   great  abundance.    The  beetles  have  been  collected  at 

all  times  of  the  year  and    seem    to    have    no  distinct  seasons.    Blapa 

is  the  large  "black  beetle"  of  the    plains,    with    B.  orietUalis,    Sol. 
(Plate  XXT,  fig.  1),  common  and  B.  indicola,  Bot.,  rarer.     The  former 

is  very  common  and  striking  ;  the  elytra  are  soldered  together  and,  in 

the  females,  produced  into  a   process    behind,  which  varies  much  in 

length.    This   beetle    on  being  handled  exudes    an   unpleasant  liquid 

which  stains  a  permanent  dull  red.    Nothing  appears  to  be  known  as 

to  its  life-history  and  all  our  specimens  were  captured  between  Decem- 

ber and  May.    Platynotus  perforatus,  Muls.     (Plate  XXI,  fig.  5),  is  also 

very  common,   a  flatter  beetle,   more  distinctly  punctured.    Scleron 
denticolle,  Fairm.,  and  S.  orientak,  F.     (Plate  XXI,  fig.  13),  are  small 

retiring  beetles,  characterised  by  the  curiously  flattened  and  expanded 

fore  femur  and  tibia,  apparently  for  the  purpose  of  digging. 

Opatrum  is  perhaps  the  commonest  of  all  the  genera,  occurring 

sometimes  in  enormous  numbers.  There  are  a  variety  of  species,  in- 

cluding 0.  ehngatum,  Guer.  (P>te  XXI,  fig.  7),  which  is  narrower 

and  has  the  prothorax  slightly  tuberculate,  0.  dorsogranosum,  Fairm., 

TIL  22 
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in  which  the  upper  surface  is  somewhat  granulose,  and  Opatrum. 

depressum,  Fabr.,  which  is  figured  here.  These  species  occur  sometimes 

in  incredible  numbers ;  we  have  seen  a  field  of  six-foot-high  indigo  so 

infested  that  every  stem  was  black  ;  the  beetles  always  shun  light  and 
in  the  dense  indigo  crop  they  live  in  shade  and  feed  on  the  abundant 

dry  leaves  that  fall.  When  the  crop  is  cut  they  are  brought  in  with 
it  to  the  vats  and  sometimes  cover  the  surrounding  masonry,  etc.  A 

number  of  beetles  were  confined  in  the  insectary  and  fed  on  these 

leaves ;  larvae  were  eventually  found  which  were  reared  without  diffi- 

culty but  which  lived  wholly  on  the  surface  of  the  soil  under  the  cover- 

ing of  leaves.  On  first  seeing  the  multitudes  of  these  beetles  that  exist, 

one  is  tempted  to  wonder  where  their  larvae  could  have  been ;  we 

realise  it  after  having  reared  them  and  it  is  possible  then  to  dimly  see 

how  vast  may  be  the  fauna  hidden  away  like  this  on  the  soil  and  how 

important  their  work  of  disposing  of  plant  refuse  is.  Opatnm  apparently 

like  most  of  its  family,  is  wholly  a  feeder  on  dead  or  decaying  vegetable 

tissue  and  the  beetles  have  been  found  to  even  eat  planks  laid  on  the  soil. 

The  genus  Toxicum  is  marked  by  the  erect  horns  of  the  males  : 
these  beetles  are  found  under  bark  ;  the  function  of  the  hoins  is 

unknown.  The  two  species 

of  Tribolinw  occur  widely 

spread,  T.  ferrugineum,  Fabr., 

T.  confmus,  Duv.  Both  are 

pests  of  stored  produce  and 

occur  frequently  in  dried  in- 
sect collections.  The  latter 

is  stated  to  be  abundant  in 

America,  but  we  have  been 

unable  to  recognise  it  in  our 

long  series.  We  reproduce 

the  figures  illustrating  the 

differences  in  the  two  species 

in  Chittenden's  paper  (U.  S. 
Dept.  of  Agri.  Ento.  Bull., 

N.  S.  4).  It  is,  however,  re- 

corded from  rice  in  Rangoon 

Fi({.  216.— Tkibolium  confdkum,  A,  hkad 
OK  T.  OONKUSCH,    H.    PERRCOINKCM. 

(After  CMtltntlen.) 
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(Indian  Mus.  Notes  V,  139).  The  former  is  conamon  and  has  been 

reared  from  wheat  grains,  wheat  flour,  and  oat  meal,  as  well  as  dried 
insects. 

One  of  the  more  striking  insects  of  the  plains  is  the  curious  flat- 

tened Cossyphus  depressus,  Fabr.  (Plate  XXI,  fig.  4),  in  which  the 

e]3rtra  and  pronotum  are  produced  into  a  curved  thin  lamella  surround- 

ing the  body  after  the  manner  of  a  Cassid  beetle.  What  object  this 

serves  is  uncertain,  but  it  may  give  it  a  resemblance  to  a  seed  which  is 

of  use  as  a  protection.  Derosphcerus  nigricollis,  Bot.,  is  a  larger  beetle, 

the  elytra  deeply  punctate  and  shining,  with  long  legs,  which  is  found 

on  the  soil  in  the  plains.  Platydema  includes  small  oval  brown  beetles 

found  eating  the  inner  portions  of  the  flakes  of  tree  bark.  Mesomorpha 

villiger,  Bl.  (Plate  XXI,  fig.  3),  is  a  cosmopolitan  beetle  found  among 

decaying  leaves,  in  thatched  roofs,  in  old  trees,  wherever  there  is  decay- 
ing vegetable  matter.  It  is  a  small  dull  brown  or  black  beetle,  rarely 

seen  or  noticed,  but  probably  to  be  found  everywhere  if  searched  for. 

Ceropria  (Plate  XXI,  fig.  2)  includes  a  few  brightly  coloured  species 

with  tints  of  shiny  purple  or  blue. 

Collecting,  etc. — It  is  probable  that  only  a  small  part  of  the  Tene- 
brionid  fauna  of  our  area  is  actually  recorded,  and  the  collector  will 

find  much  that  is  new.  These  beetles  can  be  easily  kept  in  captivity 

and  breeding  experiments  are  required  to  determine  life-histories,  etc., 
with  much  field  observation.  The  beetles  themselves  are  not  difficult 

to  find  under  bark,  amongst  fallen  leaves,  in  thatched  roofs,  among  cut 
timber  and  in  similar  situations.  The  Desert  fauna  of  North  India 

especially  reqtiires  investigation  and  much  interesting  work  waits  to 

be  done  on  the  life-histories  and  habits  of  these  species. 

CiSTELID.E  . 

Characters  as  in  the  previous  family  but  the  tarsal 

claws  pectinate,  not  simple. 

A  small  family  of  unimportant  beetles,  rarely  found.  They  have 

long  antennae ;  the  elytra  do  not  fit  the  abdomen  very  closely  ;  the  males 

have  longer  antennae  and  larger  eyes  than  the  females.  In  a  few  the 

head  is  prolonged  into  a  distinct  short  blunt  rostrum.  The  known 

species    live  in   decaying   trees   or    under  bark,   as  do    their   larvae. 
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About  thirty    species    are    Indian,    including  Allecula    (Plate  XXI, 

fig.  12),  Cistela  and  Cistelomorpha. 

ItKatawM. 

interior  coxw  projecting,  conical  and  contiguous.    Anterior  coxal  cavities 

closed  behind ;  claws  simple,  ventral  segmfnts  five,  penultimate 

tarsal  joint  bilobed  and  pubef^ent. 

These  are  Tenebrionids  with  different  coxa'  and  having  anterioi- 
coxal  cavities  closed  behind,  and  will  not,  by  the  close  coleopterous  stu- 

dent, be  confused  with  other  Heteromera. 

About  forty  species  are  described  from 

India  alone  ;  Lagria  is  the  most  import- 
ant genus,  widespread  and  with  several 

common  Indian  species ;  the  body  is 

hairy,  the  head  has  a  thick  neck,  the 

tarsus  has  the  penultimate  joint  expand- 

ed and  pubescent  as  in  the  Cliri/somclidir. 

Othhudm. 

This  family  is  represented  in  India 

by  a  small  species.  Othnius  delusus, 

Pasc.  (Plate  XXI,  fig.  11),  found  in  the 
hills  of  South  India. 

MONOMMID^E. 

Represented  in    India  by   a  single  species,   Monomma    brunneum. 
Thorns,   (fig.  21«)),  found  under    the    bark    of  trees.    This   is  a  dark 

Laukia  sk 

Kijf.  217.— Monomma 
PKUNNF.CM. 

Vig.  218.-HBAO  or 
UIOAMTEUM. 

(From  Thonuoti,) 
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brown  insect,  with  clubbed  antennae  fitting  into  grooves  of  the  lower 

side  of  the  prothorax.  The  group  is  monographed  by  Thomson  (Ann. 
Soc.  Ent.,  France,  1H60). 

Pythid^. 

Anterior   coxal     cavities   open   behind   (c.f.      Tenebrionidw). 
Prothorax  narrower  at  the  base  than  the 

elytra.    Eyes  entire. 

A   small  family    of  unimportant    insects    separated    on    minute 
characters  from  its  allies.    The  family  is  small  with  few   repj-escnta- 
tives.     None  are  common  in  the  plains,  and  DoliemM  plana,  Fabr.  (Plate 
XXI,  fig.  8),  is  the  species  most  likely  to  be  found. 

Melan»ryiu.e. 

A  family  distinct  from  all  allies  by  a  variety  of  characters  ;  the 

claws  are  not  pectinate  ((Hstelidm),  the  anterior  coxa]  cavities  are  open 

behind  (Tenebrionids)  ;  they  are  not  hemispherical  {Nilionidw) ;  the 

prothorax  is  as  broad  as  the  elytra  (Pythidce) ;  theie  is  no  neck  (Mor- 

dellides)  ;  and  finally  the  pronotum  does  not  extend  laterally  on  the 

prothorax  (rest  of  Heteromera). 

So  far  as  our  fauna  is  concerned  they  are  of  no  importance  what- 

ever. They  are  dull  coloured  bisects  found  in  decaying  wood  in  tem- 

perate regions.  Pentfie  rufopubens,  Mors.,  has  been  described  as 
Indian. 

Pykochroid^. 

Antenna;  flabellate  or  pectinate.    Prothorax  narrower  than  the 

elytra .  Head  with  a  nex'k.    Elytra  longer  than  the 

body.    Penultimate  tarsal  joint  broadened. 

Beetles  of  small  to  moderate  size,  found  with  their   larva-  under 

the  bark  of  trees.    Pyrochroa  is  the  common  genus,  with  the  antenna* 

toothed  (or  nearly  pectinate  in  the  males),  the  body  finely  pubescent. 

Three  species  have  been  described,  P.  deplayiata,  Pic,  from  Malabar, 

P.  subcostulata,  Fairm.,  from  Cashmere,  And  P.  cardoni,  Fairm.,  from 

the  Himalayas  (North  Bengal). 
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Anthicid^. 

Head  with  a  neck.    Antennw   filiform.    Prothorax  narrower  at  the 

base  than  the  elytra.    Claws  simple. 

This  family  includes  four  sub-families  recognised  by  many  authors 
as  families.    The  Pedilinw  include  less  than  ten  species  of  Macrataria. 

Anthicince. — These  are  small  s'ender  beetles  with  a  distinct  resem- 

blance to  ants ,  common  in  grass,  and  sometimes  very  abundant. 

They  are  to  be  found  running  actively  on  grass  and  plants  just 

as  ants  do,  and  they  appear  to  be  predaceous  on  small  insects  and 

Aphides.    Nothing  is  known  of  their  life-history. 

Mons.  Maindron  obtained  19  species  during  his  tour  in  India  (Ann. 

Soc.  Ent.,  France,  1908,  p.  348).  Laferte  monographed  the  Anthicino' 

in  1848,  listing  31  species  of  Anthicus.  (Jardon's  collections  are  des- 
cribed by  Fairmaire  and  Pic.  fAnn.  Soc.  Ent.,  Beige,  1894).  Formi- 

comus  (19  species)  and  ArUhicus  (62  species)  include  the  species  found 

in  the  plains  (Plate  XXI,  fig.  fi). 

HylofhilincB. — Small  beetles,  less  than  one-eighth  of  an  inch  long 
with  the  basal  two  abdominal  segments  united  and  four  segments 

beyond  free,  fiasal  tarsal  segment  long,  penultimate  bilobed.  These 

small  beetles  are  but  little  known  and  their  life-histories  scarcely  at  all. 
They  are  stated  to  live  in  dead  wood.  None  have  been  reared  in  India 

and  only  a  few  collected. 

The  most  recent  monograph  (M.  Pic.  Ann.  Soc.  Ent.,  France,  15)06, 

p.  190)  records  Hyhhanus  indicus,  Pic,  and  eight  species  of 

Hylophilus  as  Indian. 

Scraptiinee. — Scraptia  pulicaria,  Fairm  .  is  the  sole  recorded  species 

CKdemerid.®. 

Hfod  narrowed   behind,  produced  in  front  into  a  short  rostrum.    Antennw 

usually    filiform,  eleven  or  twelve  jointed.    Prothorax  narrower  than 

the  elytra.    Penultimate  tarsal  joint  bilobed. 

These  are  somewhat  elongate  beetles,  of  thin  integument,  foimd 

on  flowers  or  decaying  wood,  some  diurnal,  some  nocturnal.  So  far 

as  known,  the  larvae  are  feeders  in  or  on  wood  or  decaying  timber  and 

are  occasionally  injurious.  The  beetles  resemble  Longicorns  on  the 

one  hand,  or  Malacodermids  on  the  other.    Five  species  are  described 
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by  Fairniaire  with  Asdera  indica,  from  Bengal,  and  Omomera  (Dryops) 
indica  from  Kanara. 

MORDELLID^. 

Head  short,  bent  dovm  over  the  legs,  with  a  tmrrow  neck,  antennce 

filiform,  dentate  or,  in  the  males,  pectinate. 

Small  thickset  short  beetles  with,  in  our  common  species,  a 

characteristic  facies.  They  fall  into  two  series,  partly  regaided  as 
distinct  families  {Rhipiphorina  and  Mordellinm).  Our  common  species 

belong  to  the  former  and,  so  far  as  known,  aie  parasites  in  the  nests 

of  Aculeate  Hymenoptera.  Morne  figures  Em^nadia  ferruginea,  F.  (fn- 
bellata,  F.),  which  he  reared  from  the  nests  of  Eumenes  in  India.  This 

and  other  species  are  common  on  the  wing  in  the  plains  and  are  readily 

recognisable  :  the  el3rtra  are  pointed,  the  body  very  thickset,  vertical 

in  front,  the  colouring  black  and  yellow  brown  (Plate  XXI,  figs.  '.), 
10).  This  genus  is  practically  world-wide.  Rhipiphorus  pectinicomis, 

Thunb.  (blattarum,  Saund.),  is  parasitic,  the  female  wingless  and  lar- 
viform,  living  on  cockroaches.  Of  the  two  gene;  a,  nine  are  recorded 
as  Indian.  Of  the  Mordellinm,  none  appear  to  be  recorded  ;  we  have 

1  eared  one  species  from  larvae  found  boring  in  the  stems  of  IHcliptera. 

Cantharid/B. — Blister  Beetles. 

The  head  is  joined  to  the  prothorax  btj  a  dislinci  neck.    The  elytra  are 

not  closely  applied  to  the  abdomen ;  the  inteyum<nt  is  weak. 
The  claws  have  appendages. 

These  beetles  are  easily  recognisable  from  the    above  characters 

and  have  a^distinct  facies.    They  are  rarely  over  one  inch  long,  usually 

  about  half  an  inch,  moderately   robustly 

^^MMj^  built.      The  colours  are  varied,  in  some 

^I^^I^Il  cases  typically  warning,  in  others  blue, 

jMflBP^^^J  brown  or  dull  coloured.    The    antennae 

cfff     X  ^""^  '^"^8  and  simple,  rarelyof  less  joints 

■           than  eleven  in  the  Mylabrinw ;  the  head 

Fi,.  219.-MVLABH1S  i«  °f    "^'^^'^^ 
 '''''  *^'   ̂"'"P*'™^  «y«« 

PU8TULATA.  large,  the  biting   mouth-parts   not   con- 

spicuous.    The   prothorax   is   narrower 
than  the  head  and  the  two  are  not  broadly  united  but  joined  by  a  neck 
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The  elytra  neither  meet  accurately  in  the  median  line  nor  fit  closely  to 

the  side  of  the  abdomen  and  only  loosely  cover  the  upper  surface  of  the 

body.  The  wings  are  ample  and  used  in  flight ;  MelcB  is  wingless  with 

abbreviated  elytra.  The  legs  are  long,  the  tarai  long,  the  claws  with  a 

closely  fitting  appendage  below,  which  resembles  a  duplicate  claw. 

Males  are  similar  to  females  but  smaller ;  size  is  often  very  variable  in 

both  sexes.  An  acrid  oil  is  excreted  from  openings  in  the  apices  of  the 

femora  in  Myldbris,  Cantharis  and  Melee  ;  this  oil  contains  an  active 

principle,  Oantharidin,  which  has  irritant  properties  rendering  it  com- 
mercially valuable. 

Almost  nothing  is  known  of  the  life-history  of  Indian  species. 

Large  masses  of  small  yellow  eggs  are  deposited  on  grass  or  soil,  from 
which  hatch  small  active  larvae  of  the  usual  Coleopterous  form.  The 

further  history  of  these  larva?  has  not  been  traced.  The  student  should 

consult  the  accoimt  of  the  life-history  of  the  known  species  of  Melw 

and  EficavM,  details  of  which  are  given  in  Sharp's  Insects.  These 
insects  are  parasitic  upon  the  larva?  of  Aculeate  Hymenoptera  or  upon 

the  egg  masses  of  Acridiidw. 

The  beetles  are  diurnal,  the  winged  species  flying  readily.  They 

are  herbivorous,  feeding  on  leaves  and  flowers  and,  when  abundant,  form 

a  conspicuous  pait  of  the  diuinal  fauna.  Each  species  appears  yearly 

and  there  is  but  one  brood.  They  are  often  very  abundant  and  occa- 

sionally app^-ar  in  large  numbers  with  great  suddenness  and  in  an  appa- 
rently mysterious  fashion.  Owing  to  their  herbivorous  habits  and 

frequent  abundance,  the  beetles  may  be  injurious  to  cultivated  plants. 

The  flower-eating  species  of  EpicaiUa  (Cantharis)  destroy  the  anthers 
and  pistils  of  cereals  and  thus  cause  serious  damage  to  the  crops.  The 

latter  form  of  damage  is  of  frequent  occurrence,  Andropo(/on  sorghum 

(juar,  great  millet)  being  specially  affected.  (Compare  the  habits  of 

Chihloba,  the Cetoniidheetle.)  Cantharis  hirtirornis,  Haag.,  is  destructivi^ 

to  Amaranthus  and  vegetables  in  Assam,  the  beetles  being  abundant 

in  May  and  devouring  the  leaves. 

The  family  is  a  large  one,  found  principally  in  the  tropics.  Over 
70  Indian  species  are  described  and  less  than  ten  are  common  in  the 

plains,  these  being  apparently  widely  spread  over  the  Indian  region. 

There  are  four  principal  genera,  Cantharis  (Efieoutay,  Mylabris,  Zonitis, 
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which  are  winged,  and  the  wingless  Melee.  There  is  considerable  con- 

fusion in  the  nomenclature  of  the  recorded  species,  and  the  specific 
names  adopted  here  are  liable  to  revision  when  the  nomenclature  of 
the  family  is  revised. 

MeloincB-  -Wingless.  Metastemum  very  short,  middle  coxa?  covering 
the  hind  coxre.  MelcB  is  the  important  genus,  of  which  2  Indian 
species  are  recorded. 

Mylabrince. — Mylahris  is  winged  but  has  the  antenna?  short,  curved 
and  thick.  Marseul  monographed  the  sub-family  in  1873  (Mem.  Soc, 
Liege  (2)  III,  pp.  363—662). 

The  common  form  is  Mylahris  pustulata,  Thunb.,  doubtfully  dis- 
tinct from  M.  sidce.  M.  rouzi,  Cast.,  is  a  similar  but  smaller,  black 

and  yellow  species,  while  16  other  species  are  recorded. 

M.  pustulata,  Thunb.,  is  a  conspicuous  beetle,  measuring  about 
one  inch  in  length,  coloured  black  with  large  orange  marks  on  the  wings 

and  prothorax.  The  wings  and  body  are  softer  than  in  many  beetles, 

the  typical  head  and  antenna^  are  those  characteristic  of  the  Cantha- 
ridce,  and  the  yellow  fluid  exuding  fiom  the  joints  of  the  legs  further 

characterises  this  common  insect.  The  life-history  is  unknown,  and 
the  life-histories  of  those  Cantharidw  which  have  been  studied  are  so 

various  that  theie  is  no  indication  as  to  what  the  life-history  of  this 
insect  is  likely  to  be.  The  fluid  exuded  from  the  joints  of  the  legs,  with 
its  blistering  properties  and  probably  unpleasant  flavour,  serves  as  a 

protection  from  birds  and  other  enemies  ;  the  colouration  is  that  known 

as  "warning,"  that  is,  it  serves  to  plainly  advertise  the  unpleasant 
nature  of  this  insect,  so  that  birds,  etc.,  may  not  eat  it.  In  its  habits 

this  insect  is,  as  would  be  expected,  conspicuous ;  it  may  be  seen 

on  plants,  fully  exposed,  so  that  its  warning  livery  is  clearly  seen.  It  feeds 

upon  the  flowers  of  plants,  notably  CucurbitacecB  such  as  the  melon, 
pumpkin,  cucumber,  white  gourd,  etc.  It  is  common  in  the  plains 
and  occurs  throughout  India  where  vegetation  is  abundant.  There 

is  one  brood  in  the  year  and  these  beetles  appear  sometimes  in  great 
numbers  and  are  very  destructive. 
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Cantharinw. — The    antennse    longer,    not    curved,    filiform.    Can- 

tharis  (Epicauta)  contains  a  number  of  common  species  of  which  litlle 
is  as  yet  known.    C.  violacea,    Makl.,  is   a 

small  deep-blue  form  found  in  Western  India. 

C.  actwon,  Cast.,  is  the  very  common  large 

blue  species,  found  for  a  short  time  in  the 
rains.    C.  tenuicollh,  Pall.     (?  C.  rufi,(ollis, 

Pall.,   C.  omata.  Cast.),  is   a    green    form 

with  a  slender  reddish   prothorax,    which, 

with   the    dull    brown    C.  rouxi.    Cast.,  is 

^^^^^  destructive    to  cereals    by  devouring   the 

^j^^Hfe^/  stigma  and  anthers,  no  grain  being  formed. 

J^^y^   jtK  When  the  flowering  of  rice,    millets  or  juar 

/''Vjf  yy      Vv  coincides    with    the     emergence    of    these 

l/^"*!   -^  '       I      beetles,    widespread    loss    may    occur.     (\ 
Fig.  m-CASTHARis  hirticomh,  Haag.,  is  a  black  species  with 

red  head  found  abundantly  in  Assam  in  May 

where  it  feeds  on  Amaranthus  and  other  vegetables,  llletka  testacea, 

Fabr.,  is  the  more  robust  and  densely  chitinised  red-brown  species 
found  in  the  rains.  This  has  robust  mandibles  ;  the  shiny  black  thorax 

and  lined  elytra  are  hard  and  strong,  giving  the  beetle  more  the  appear- 
ance of  a  Cerambitcid. 

Cissites  Debyi. — Green  has  observed  that  the  eggs  of  this  species 

are  laid  in  the  galleries  of  Xylocopa  tenuiscapa,  Westw.,  in  Ceylon  ; 

some  of  the  larvsp,  he  imagines,  migrate  on  the  bees  to  other  colonies, 

(?  via  the  flowers  visited  by  the  bees)  and  those  that  remain  in  the  ori- 

ginal nest  (and  presumably  attack  the  bee-larvae)  pupate  in  side  tunnels 

which  they  make  off  the  main  bee-tunnel  (Ent.  Mo.  Mag.,  I!X)2,  232). 

Collecting. 

Cdlecting. — The  beetles  are  readily  captured  with  the  hand  and 

require  to  be  carefully  dried.  They  lay  eggs  freely  in  captivity,  the  eggs 

hatch  and,  in  captivity,  nothing  further  can  happen.  The  further  elucida- 

tion of  the  life-history  requires  either  the  extremely  careful  observation 

of  the  larvae  when  hatched  in  the  open* or  prolonged  investigation  into 
the  egg  masses  of  Acridiida  or  the  nests  of  Aculeate  Hymenoptera  in  the 
hope  of   finding  larvse.    Any   opportunity   of  doing   either  should  be 
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seized,  as  no  progress  can  be  made  till  more  is  known  and  we  can  at 

present  only  estimate  their  directly  injurious  effect  as  adults. 

Trictenotomidjb. 

ArUenncB  long,  serrate  irtside  at  the  apex.    Tarsi  heteromerous. 

These  are  large  beetles,  practically  heteromerous  Longicomia  with 
slightly  serrate  antennas.    They  have  long    bodies,  the  dark  colours 

Fig.  221.— TWlTBNO'JOMA   CHILDKKNI,   X   1. 

Fij{.  22a.— Thiotknokima 
chilukeni  lakva. 

{Af/er  Giihan). 

(except  Atdocrates  cetiea,Westvr.,  which 
is  metallic  blue),  the  general  facies  of 

many  Cerambycid  beetles  and  are  foimd 
in  the  same  habitat.  These  insects 

are  characteristic  of  the  Indo-Malayan 
region,  particularly  of  forest  areas. 

Autocrates  has  the  prothorax  spined,  the  scutellum  blunt.  Tric- 

tenotoma  has  the  prothorax  only  angulated,  scutellum  longer  and  sharper. 

Very  little  is  known  of  the  life-history  of  these  insects  ;  they  are  pro- 

bably predaceous  in  the  adult  stage.  The  larva  of  T.  childreni  has  re- 

cently been  described  and  figured  by  Gahan  from  Java  specimens 

(Trans.  Ent.  Soc,  London,  1908.  p.  275) ;  we  reproduce  one  figure  in  the 

hope  that  it  may  assist  in  the  recognition  of  larvee  of  this  family  in  South 
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India  where  they  must  occur.  The  structure  of  the  larva?  is  held  to 
support  the  view  that  this  family  is  more  nearly  related  to  the  PythidcB 
or  PyrochroidcB  than  to  any  other  Heteromera.  Besides  the  metallic 

blue  Autocrales  anea,  Westw.,  of  the  Himalayas,  Trictenotoma 

Gray/',  Sm.,  occurs  in  South  India,  T.  rfiildrem,  Gray,  in  the  Khasis, 
and  T.  mmszechi,  Deyi-.,  in  the  Himalayas  (Ann.  Soc.  Ent.,  France,  1875, 
p.  LIX).  Westwood  (Cab.  Or.  Entom.,  1847)  figures  T.  childreni,  Gray, 
T.  templetonii ,  Westw.,  and  T.  cenea,  Parry,  and  discusses  the  characters 
<m  which  he  separates  these  as  a   distinct  family. 

PHYTOPHAOA. 

The  tendency  in  classification  at  present  is  to  a  complexity  of 

families,  especially  in  Coleoftera,  and  while  this  is  possibly  justified 
fiom  stiuctural  characters,  it  is  certain  that  there  is  not  as  yet  sufficient 

material  available  to  define  so  many  families  ;  to  all  but  the  student  of 

systematic  entomology,  the  old  broad  families  embracing  insects 
allied  in  structuio  and  habits  are  still  the  most  natural  and  the  simplest 

in  actual  working.  We  have  accordingly  adhered  to  the  three  fami- 
lies composing  this  series,  the  plant-feeding  beetles  ;  the  Bruchids  are 

seed-eating,  the  Chrysomelids  live  on  gieen  plants,  the  Cerambycids 
m  the  woody  tissues  of  plants.  This  makes  but  three  families  and  to 
place  an  insect  in  one  of  these  three,  places  it  as  far  as  these  habits  go. 
Modern  classification  makes  two  or  more  of  Biuchids,  13  or  more  of 

Chrysomelids,  and  two  of  Cerambycids,  with  a  great  tendency  to  make 
more. 

The  series  is  distinguished  by  the  apparently  four- jointed  taisi 
usually  with  at  least  one  joint  expanded  and  pubescent  beneath,  and 

the  absence  of  a  prolongation  of  the  head  as  a  rostrum.  It  is,  in  prac- 
tice in  the  field,  a  peculiarly  homogeneous  series,  the  three  families 

shaiply  distinct  in  all  our  common  species.  It  is  easy  to  put  a  Sccb- 
donta  down  as  a  weevil  however,  though  it  has  no  distinct  beak,  becauss 
it  resembles  the  leaf-eating  smaller  weevils  in  which  the  rostrum  is 

not  much  developed  and  actually  the  Umits  of  these  two  series  do,  as 
they  should,  shade  into  each  other. 
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BRUCHiDiE. — Pulse  Beetles. 

Small  thickset  beetles,  the  hind  legs  thickened,  the  prostemum  vertical. 

Tarsi  apparently  four-jointed,  pilose  below,  third  joint  bilobed. 

AntenncB  eleven-jointed,  often  dentate  or  pectinate. 

These  small  beetles  have  a  characteristic  facies  which  distinguishes 

them  from  other  Phytophaga,    but    confuses  them    with    Anthribid^. 

FiK.yj'iS.— BHUOHim  ohinensis  ;  E(jh  on  pka,   x  2;  larva,  x  12;  imaoo,  x  Id. 

They  are  small,  rarely  exceeding  one-quarter  of  an  inch  in  length. 
Their  colours  are  sombre  and  inconspicuous,  the  body  clothed  with  hairs. 

The  head  is  small  with  a  blunt  rostrum,  with  short  antennsp,  often 

pectinate  or  serrate.  The  prothorax  is  well  developed  and  accurately 

adapted  to  the  mesothorax.  The  elytra  are  truncate,  not  covering  the 

pygidium.  The  legs  are  short,  the  hind  femora  thickened.  The  abdomen 

is  peculiarly  thickset,  giving  the  beetles  a  characteristic  appearance. 
These  beetles  are  commonly  reared  from  the  seeds  of  leguminous 

plants.  The  beetle  lays  a  number  of  small  oval  eggs,  of  a  yellow  colour ; 

they  are  apparently  laid  in  a  semi-liquid  condition,  so  that  they  adhere 
to  the  seed  or  pod  and  then  harden,  (they  have  a  curious  resemblance 

to  Scale  insects  of  the  genus  Asteroleeanium).  In  the  field 

they  are  laid  in  the  pod  and  in  the  case  of  Bruchus  obtectus,  Say,  they 

are  often  dropped  loosely  among  the  seeds  (Chittenden).  These  eggs 

hatch,  the  larva  eating  through  the  inner  wall  of  the  egg-shell  into  the 
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seed-coat  and  so  into  the  seed  itself  where  it  feeds  upon  the  tissues. 
The  larva  is  white,  curved  and  with  a  close  resemblance  to  larvae  of 

weevils.  Riley  showed  that,  in  the  first  instar,  the  larva  is  provided 
with  three  pairs  of  incomplete  but  functional  legs,  as  well  as  a  series 
of  thoracic  spines  and  a  pair  of  toothed  thoracic  plates  which  enable 

the  larva  to  bore  into  the  pod  or  seed  and  so  establish  itself.  When 

it  has  reached  the  seed,  it  moults  and  appears  without  the  legs  and 
the  thoracic  plates.  As  a  rule,  one  seed,  if  full  grown,  is  sufficient 

for  a  larva  (or  for  many),  but  in  the  case  of  growing  seeds  the  larva 
may  eat  so  fast  that  the  seed  cannot  develop  and  it  has  to  move  into 

a  fresh  one.  When  full  grown,  the  larva  cuts  a  disc  in  the  seed-coat 
almost  through  and  pupates  below.  When  the  beetle  is  ready  to 

emerge,  the  disc  readily  opens,  letting  out  the  perfect  insect.  In  Gary- 
oborus  gonagra  the  larva  comes  out  of  the  seed  and  pupates  outside 
in  an  excrementitious  cocoon.  The  beetles  are  found  in  the  field 

Nnsiting  flowers  of  leguminous  plants  or  on  the  leaves  of  plants.  They 
appear  to  take  no  food,  as  do  the  household  species  also.  There  is  no 
information  available  on  the  question  of  the  hibernation,  etc.,  of  the 

free-living  species  None  are  pests  to  crops  in  India  but  the  house- 

hold species  are  destructive  to  stored  pulse.  Bruchid  larva>  are  the 
hosts  of  Chalcid  parasites,  which  lay  their  eggs  in  the  larvae  in  the 
seeds.  These  insects  are  sometimes  found  in  abundance  in  infested 

pulse. 

The  family  is  not  a  large  one  and,  with  the  exception  of  the 

cosmopolitan  household  species,  is  principally  found  in  the  tropics.  No 

list  of  Indian  species  exists  and  there  is  room  for  work  on  this  family. 
Including  cosmopolitan  insects,  37  species  are  known  from  India  and 

the  number  of  species  recorded  from  the  plains  is  a  very  small  propor- 
tion of  those  there  are.  The  family  is  divided  into  two  tribes  :  Urodon- 

tides  with  clubbed  antennae  represented  by  Vrodon  in  Ceylon ;  Bru- 
chides  with  dentate  or  pectinate  flattened  antennae.  The  following  six 
speciea  of  Bruchus  include  the  known  or  recorded  species  found  in 

stored  pulse  in  India  : — 

(1)  jB.  chinensit,  Linn.,  in  Pisum  sativum  (peas),  Dolichos  Idb-lah 
(val),  Dolichos  biflorus  (moth),  Cicer  arietinum  (gram),  Cajanus  indicus 
(pigeon  pea),  Ervum  lens  (lentil),  Vit/na  oatjang  (cow  pea). 
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(2)  B.  affinia,  FrolL,  in  imported  beans. 

(3)  B.  emarginatus,  All.,  in  peas  (Pimm  sativum). 

(4)  B.    quadrimaculatus,    Fabr.,  in   peas  (Pisum  sativum)  and  in 
"beans." 

(5)  B.  pisorum,  Linn.,  in  peas  (Pisum,  sativum). 

(6)  B    analis,   Fabr.,   from  cow  pea  (Vigna  catjang). 

Chittenden  (Yearbook,  Agric.  Dept.,  U.  S.  A.,   1898,  p.  240)   states 

that  B.  obtectus,  Say,  also  occurs  and  it  is  likely  to  be  found.  The  life- 

histories  of  B.  pisorum,  B.  chinensis,  B.  ohtecfus  and  B.  quadritnaciiJatus, 

are  fully  described  by  Chittenden  (loc.  cit.).  Short  accounts  occur  in 

most  general  works  on  entomology.  We  are  not  aware  that  any  of  these 

species  have  been  reared  in  India,  except  from  harvested  seed  ;  else- 

where the  beetles  lay  eggs  in  the  pods  on  the  plant,  as  well  as  on  the 
stored  seeds,  but  we  have  seen  no  instance  where  Bruihids  attacked 

any  cultivated  pulse  in  the  field,  though  many  other  insects  are  known 

which  do  80.  We  may  presume  either  that  these  cosmopohtan  species 

originated  elsewhere  or,  if  native  to  India,  breed  in  wild  plants ;  a  very 

small  number  of  species  have  been  bred  from  wild  leguminous  pods  in 

India,  and  these  species  do  not  occur  among  them.  We  believe  all 

our  destructive  Bruchids  to  have  originated  elsewhere. 

Caryohorus  gonagra,  F.,   is  a  larger    grey-brown  insect,  found  in 

tamarind  seeds  and  is  the  commonest  free-living  species  in  India.     The 
larva  when  full  grown  emerges  from  the 

seed  and  prepares  a  cocoon  of  very 

coarse  and  gummy  white  threads,  with- 
in which  it  pupates ;  this  cocoon  is  oval 

and  attached  to  some  part  of  the  seed  or 

Fig.  224.-CAKYOBORr«         po£l     The  imago  feeds  on  the  leaves  of 
(lONAUKA,     X   4.  "^  -'  ,  mi  i-p      ,  ■ 

the  tamarmd  tree.     J  he  life-history  was 

described  in  a  German   paper  by  Elditt  in  1860,  he  having  reared  it 

from  pods  of  Cassia  obtained  from  India  (Indian  Mus.  Notes,  ill,  p.  15). 

Chrysomelid^.    Leaf-Eating  BoeOes. 

AntenncB  moderately  hng,  their  insertion  distinct  from 

the  eyes.     Upper  surface  bare. 

The  ChrysomelidcB  are  readily  distinguished  as  they  are  Phytophaga 

without    long    antenna;   as    in  the     CeramhycidcB,    and   without   the 
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peculiar  form  and  hind  legs  of  the  BruchidcB.    They  are  also  neither  bre
d 

from  pulse  nor  in  trees  and  are  on  the  whole  a  distinct  and  easily  re - 

•■  r; 

?'^^\ 

Fig.  ai), -AULAroi'Hoiu 
FACAVATA,   X   3. 

Fig.   aie.— AULAIOJ-HORA 
EX<'AVATA,    X   3. 

cognised  family.  Individual  species  approximate  on  the  one  hand  to 

the  Brtichidcp  and  on  the  other  to  Ceramhycidm,  and  there  is  no  really 

.sharp  line  of  distinction,  but  the  very  great  majority  are  clearly  recog- 

nisable. These  beetles  comprise  a  very  large  and  varied  assemblage, 

including  a  greater  number  and  variety  of  forms  than  any  other  family 

of  Coleoptera.  All  are  herbivorous,  the  beetles  are  smooth,  not  being 

hairy  as  a  rule  or  at  least  without  the  pubescent  hairiness  of  Bruchids 

and  Cerambycids.  All  are  diurnal.  It  is  impossible  to  discuss  them 

as  a  whole  and  would  serve  no  useful  purpose  ;  they  are  divisible  into 

a  large  number  of  divisions,  some  of  which  are  extremely  characteristic 

and  without  going  deeply  into  the  dry  details  of  classification,  we  can 

readily  distinguish  the  more  important  of  these. 

There  are  first  the  Ewpoda,  in  which  the  prothorax  is  much  narrower 

at  the  base  than  the  elytra.  The  Camptosomes  have  one  distinctive 

character,  the  lines  of  the  abdominal  segments  not  going  straight 

across  but  curving,  making  the  middle  of  each  segment  narrower  than 

the  sides,  and  leaving  a  large  space  in  the  middle  for  the  fifth. 

The  Cyclica  have  not  ̂ e  above  characters,  but  the  prothorax  is 

often  a  little  narrower  than  the  elytra  and  usually  has  the  edges  distinct, 
not  rounded  off. 



PLATE  XXII. — (Ulerucella  Ruoora. 

Vic    1  ■  Eggs  on  leaf,  x  3. 
i.  Larva  on  leaf,  x  3. 

3.  „      48  hours  after  hatching,  x  20. 

4.  „      full  sjrown.  x  6. 

n.  Pupa,  x  B. 

fi.  Female,  x  R. 

7  M«1p    X  h. 





GALERUCELLA   RUGOSA. 
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Finally  the  Cryptostomes  are  very  characteristic,  the  head  being 
bent  down  so  that  the  mouth  is  below,  the  antennae  inserted  close  to- 

gether at  the  front  of  the  head.  They  include  the  very  distinct  Cassi- 

dinw  in  which  the  head  is  hidden,  and  the  HispincB,  which  have  a 

characteristic  outline  and  are  often  spiny.  Actually  if  a  f-hrysomelid 
has  not  the  narrow  prothorax,  nor  the  curved  ventral  abdominal 

sutures,  nor  the  deflexed  head  and  the  contiguous  antenna.-,  it  must  be 

one  of  the  CycUca,  the  largest  division  of  this  large  family. 

Prothorax    narrowed,  rounded.  iSagrince. 
Head  constricted  behind  eyes,-,  Dowamwrr. 
produced    anteriorly.       ETJ-  [Criocerincp. 
POD  A. 

[(Megascelinp). 
Megalopincp. 
Clytrinw. 

Oryptocephalincp. 
Chlamyncp. 

[(Sphserocarina"). 

C  (Lamprosomina'). Antennte 

separate. 

Ventral 
curved 

abdominal  sutures 
CAMPTOSOMES. 

Prothorax  a  little  narrowed  but 

laterally  acute.    C  YCLICA . Antennae    approxi- 
mate, elytra  soft. 

Galerucinw. 

(Triohostomes). 

fFeet  bilobed. 
EumolpincB. 

Feet  simple. 

ChrysomelincB. 
Posterior  coxae 

grooved. HaUicini. 
Posterior  coxae 

not  grooved. 
Gakrudni. 

/"Head  exposed. 

I     HispincB. Antenna*    approximate      Head  , 
deflexed.  CRYPTOSTOMES.    Head  concealed. 

\    Cassidince. 
The  following  is  a  synopsis  of  the  larval  habits  as  far  as  they  are 

known  : — 

Sagrincp. — Roots  of  trees. 

Donaciince. — In  aquatic  plants. 

Criorerince.— On  aquatic  plants  above  water,  or  on  land 

plants  with  excrement  over, 

Camploaomes. — In  cases,  on  plants  or  m  ants'   nests. 
EumoVpinoB, — In  roots  or  in  soil. 

23 
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ChrysomeHncB. — Free,  leaf-feeding. 

Halticini. — Mining  in  leaf  or  plant,  or  tree. 

Galerucini. — Free,  exposed,  or  in  underground  parts  of  plants. 
Hispinop. — Mining. 

Cass-idmcp. — Exposed,  carr3nng  excrement  or  having  anal  process. 

A  great  number  of  species  have  been  described  both  in  the  older 

publications  of  Hope,  Oliver,  Tlliger,  Baly  (Cliennell's  Assam  Collec- 
tion, etc.),  and  more  recently  by  Jacoby,  whose  descriptions  of  the 

Cardon  and  Andrewes'  collections  add  many  new  species  (Ann.  Soc.  Ent., 

Beige,  189.-).  p.  2rr2  ;  1897,  p.  420;  1898,  p.  185;  190:},  p.  80  :  1904, 

p.  .380).  The  late  Mr.  Jacoby's  volume  of  the  Fauna  of  India  deals 
with  the  family  as  far  as  EumoJpincp. 

Eupoda. — The  Sagriva-  are  the  first  sub-family,  with  five  species 
of  Sof/ra  in  India.  These  are  characteristic  insects,  of  large  size  and 

brilliant  colouring,  of  which  the  life-history  is  almost  wholly  unknown. 
The  oval  brown  cocoons  of  »S.  howduvallii  were  found  at  Buitenzorg 

in  the  hollow  root  of  a  tree  (Rhizophora)  in  1862,  (Nederl.  Tijdschiift 

V,  p.  97),  and  it  is  known  thai  in  Java,  Sagra  Buqwti  lays  eggs  on  the 

bark  of  a  tree,  the  lar vse li\-\ng  in  the  tiee  and  causing  gall-like  hypertrophy 

of  the  wood.  The  beetles  are  foimd  upon  plants,  t^wjra  feniorala,  Dy.,  a 

nietalli''  gieen  insect,  being  the  common  species  in  India,  found  in  forests. 

Donaciincp  are  a  small  group,  of  which  four  species  are  Indian. 

The  Jarv/p  of  Donacia  live  in  aquatic  plants,  the  beetles  in  water  or 

in  the  air.  None  appear  to  have  been 

reared  in  India.  Donacin  wraria.  By., 

is  found  in  the  plains,  though  not 

commonly.  Hcemonia,  though  not 
TwoTA.eA.a8  AnAian.  w  also  known  from 

the  plains. 

CrioceriwB. — A  larger  group  with  10.5 
Indian  species  of  wliich  80  are  inclu- 

ded in  Lema  and  19  in  ('rioreris. 
The  r«ylon  forms  are  distinct  and 

are  treated    by    Jacoby    as    Malayo- 
Australian,  only  one  occurring  appar-       Pip.  227.-DoKAr'u  iii?fTicoi,i.w. 
ently  also  in  Soqth  India. 
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The  life-history  of  none  of  these  is  definitely  recorded.    Crioceris 

impressa,  F.,  was  reared  by  de  Niceville  on  kham-alu  (Dioscorra  alata) 

Fie.   22S -Lkm*  signa'I'i-  w     ~v,     ,, 

PENNIS.  "^'^    2i29.-rRIO(ERIS   KAHrlATI VKNNIS. 

(Indian  Mus.  Notes,  V,  p.  134).  In  general  the  larvap  are  either  semi- 

aquatic,  living  on  the  leaves  of  aquatic  plants  in  cases  made  of  theii' 
own  excrement,  or  live  on  plants  on  land  in  the  same  way.  These 

larva*  have  the  anus  on  the  upper  surface  so  that  as  their  excrement 
is  voided,  it  covers  the  body  and  makes  a  protective  covering.  They 
are  extremely  characteristic  in  appearance  and  are  likely  to  be  found 
on  aquatic  plants.  The  beetles  aie  (iommon  in  grass  and  on  plants : 

they  are  usually  brightly  coloured  and  waining;  several  species  are 
common,  Lema  coromandelmna,  F.,  and  Crioceris  impressa,  F.,  being 

widely  spread  in  the  plains. 

Camjri.osomes. — A  large  division  divided  into  several  sub-tamilieB, 
some  of  which  are  not  represented  in  India.  The  Clytrinm,  Chlamyna 

and  CryptocephaHnce,  are  the  most  common,  with  many  species  of  small 
cylindrical  beetles,  coloured  often  in  orange  or  yellow  and  black.  The 

larvsB  of  Cryptorephalus  are  of  peculiar  form  and  live  in  small  cases 

formed  of  their  excrement ;  they  are  white  larva?,  with  the  abdomen 

tapering  and  doubled  back  under  the  body  so  that  the  apex  reaches 

the  thoracic  legs  ;  the  case  made  is  a  small  oval  one,  in  which  the  larva 

lives  with  the  head  and  thorax  at  the  opening,  the  anus  in  suchaposi- 

ti(m  that  the  excreta  can  be  ejected.    (In  a  Himalayan  species  living 
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on  Artemisia,  the  cases  very  closely  resemble  the  excreta  of  the  larger 

grasshoppers  and  this  is  possibly  a  protective  device.)  The  cases  of 

C.  corrosicoUis,  Jac.,  are  common  on  long  grass  and  those  of  C.  Pusaensis, 

Jac,  on  "  Jhau"  {Tamarix  ydlica),  and  the  little  larvae  can  be  readily 
reared.  Donnisthorpe  has  described  the  life-  history  of  the  European 

Clythra  guadri-pundtUa,  L.,  in  Trans.  Ent.  Soc,  London.,  1902,  p.  11. 
We  reproduce  his  summary  : — 

"  To  recapitulate  the 

foregoing  facts  :  The  life- 
history  of  Clythra  quadri- 

punctata  is  briefly  as  fol- 
lows : — When  the  beetle 

has   emerged    from   the 

pupa    in    the    nest,    it 

escapes     with      caution 

'  feigning    death,'      and 
holding  on  to  twigs,  when 

attacked  by  the  ants.   It 
then      seeks    its    mate, 

and    copulation      takes 

place.     The   beetles    are 

generally  to  bo  found  on 
birch  shrubs,  the  young 
shoots    and    leaves    of 

which  they  eat,  bitingthe 

top  shoots  right  through. 
The  female   then   seeks 

a  tree  or   shrub    above 

or  close    to   a    nest     of 

Formica  rufa,  and  drops 

the  eggs on to the  ground 

beneath.  The  eggs  are  co- 
vered by  a  ca8e,or  capsule, 

which  is  placed  around  it  by  the  female,  and  consists  of  her  own  excre- 

ment.   This  covering  is  placed  in  position  with  the  posterior  tarsi,  the 

egg  being  held  in  the  depression   of  the  abdomen.     The  covered  egg 
looks  exactly  like  a  small  bract,  and  is  exceedingly  like  the  end    of  a 

fin.  230.— Cryptoobphaluh  phnaensis.   Lakva, 
IN  AND  OUT  OK  IAS.B,  DIAOKAH  OF  CASE,  IMAOO. 
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birch  catkin.  The  ants  pick  up  the  covered  egg  and  carry  it  into  the 

nest.  The  yoimg  larva,  which  hatches  in  about  twenty-one  days,  uses 

the  egg-case  as  a  nucleus  on  which  to  build  the  larval  case  ;  thus  vejy 
young  larval  cases  have  the  egg-case  still  attached  to  their  posterior 

end.  The  egg-case  has  a  threefold  raison  d^t'tre—  to  protect  the  egg 
and  newly  hatched  larva,  to  make  the  ants  believe  it  is  a  bit  of  useful 
vegetable  refuse,  and  to  give  the  larva  a  foundation  on  which  to 

start  the  larval  rase.  When  the  larva  case  grows  largej'  the  egg-case 
breaks  ofE  and  the  larva  fills  up  the  hole  thus  formed  with  the  same 
material  as  that  with  which  it  builds  the  rest  of  the  case.  This 

material  consists  of  its  own  excrement  mixed  with  earth,  which  it  pre- 
pares with  its  mandibles.  To  enlarge  the  case  the  larva  removes  particles 

from  the  inside,  and  plasters  them  on  to  the  outside.  The  larva  feeds  on 

vegetable  refuse  in  the  nest.  When  changing  its  skin  it  fastens  the  case 

to  some  object  in  the  nest.  When  full-grown  it  fastens  the  case  to  a 
piece  of  wood  or  twig,  and  turning  completely  roimd,  changes  to  a 
pupa,  facing  the  broader  end  of  the  case.  When  hatched  the  beetle 
gets  out  of  the  case  at  this  broader  end,  by  biting  a  circle  round  inside 

it,  thus  forming  a  cap,  which  it  forces  off." 
The  student  should  refer  to  this  account  and  read  the  bibliographi- 
cal remarks  especially.  There  is  nothing  to  show  that  our  species  have 

this  habit,  but  it  is  worth  bearing  in  mind  when  searching  ants'  nests 
for  insects. 

The  MeyahpincB  include  Temnaspis  (4),  and  Colaibasfis  (4),  rare 

insects  found  in  the  hills.    The    Clytritm  are  listed    by   Jacoby  and 

Fig.  231.— A.  DlAPKOMOlWeHA  PlNOUl«,  B.   Abwdolopha  thokaciia, 

0.   GYNANDKOPHTHALMA  80B1MVI-!A. 

(Aflm   Jurohy.) 
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Clavareau  in  Genera  Insectorum,  with  90  species  from  th"  Indian 
region  of  which  less  than  fifteen  are  found  in  India  proper.  Jacoby 
describes  125  species  in  the  Fauna  of  India.  Titubcea  bimaculata,  Jac, 

Clf/tra  succincta,  Lac,  Clytra  conformis,  Lac,  Coptocepkcda  nair,  Lac, 

and  DiapromoT'pha  turcica,  Fabr.,  appear  to  be  common  species  of  the 
Clytrides,  and  Crf/ptocephalus  senariua,  Suft.,  Cryptx)cephcdns  xehestedti, 
Fabr.,  Cri/ptocephaltis  corrosicollis,  Jac.  among  Cryptocephalides.  Of 

the  latt«r  genus  nearly  fifty  Indian  species  were  recorded  forty  yeare 
ago  and  a  larger  number  have  been  since  described.  Exema,  Chlamifx 

and  Hymetes  represent  the  Chlamynce,  which  are  almost  wholly 
American. 

Cyclica. — The  largest  division  with  the  greatest  number  of  species. 

There  are  three  main  sub-divisions  of  which  two,  Eumolpince  and  Chry- 
somelinoB,  have  the  base  of  the  antenna?  separated  widely,  whilst  the 
third,  Galerucince,  has  the  bases  of  the  antennse  drawn  together  though 
not  touching.    The  latter  are   separated  by  Jacoby  under  the   term 
Trichostomes.    In  all,  the  beetles  are  of  small  to  moderate  size,  usually 

brightly  coloured.    They 
constitute  the    immense 

majority   of  the  family, 

the    typical    leaf-eating 
beetles.        (Colours     are 

usually  warning,    bright 

blue,  bright  red.  a  great 
variety  of  tints. 

Eumolpinm. — ^Practic- 
ally nothing  is  on  record 

Its  to  the  life-histories 
of  our  forms,  but  the 

larvae  probably  are 
miners  in  roots  or  live  in 

the  soil  feeding  on  roots. 

Jacoby  records  414  spe- 
cies from  the  Indian  re- 

gion. Scelodonta  includes 
small  dull  coloured  beetles 

Fig.  'JS'l.-SvUhOVOVTA  BTRKJICOLUK. 
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found  abundantly  on  grass  and  on  plants.  S.  slrigkollis,  Mots. ,  is  common 

on  grape  vines  and  where  this  plant  is  cultivated,  is  a  serious  pest.  The 

late  Mr.  Jacoby  wrote  in  the  Fauna  that  this  species  could  no  longer 

be  recognised,  but  he  labelled  a  series  of  specimens  from  the  Pusa  col- 
lection with  this  name  and  omitted  to  record  the  localities  in  the 

volume.  (It  will  probably  be  found  to  have  a  similar  life-history  to 

its  ally  the  American  grape  vine  rootworm,  Fidia  viticida,  whose  life- 

history  has  been  described.)  S.  vittata  is  a  larger  form,  found  on  Pan- 

chanjuria  {Vitis  trifolia),  which  shams  death  extremely  effectively  and 

falls  to  the  ground  on  its  back,  the  brown  lower  surface  and  white 

patches  making  it  very  diiiicult  to  distinguish. 

Colas'posoma  is   a  large  genus  of  moderate-sized   metallic-coloured 
beetles,    C.  metalUcus,  Cik.  and  (\    ornaium,   Jac,   being   common  in 

the  plains.  Cori/nodes  peregr/'num, 
Fuesl.,  is  a  deep  blue  beetle,  very 

abundant  feeding  on  Ak  and  other 

wild  plants  and  found  throughout 

the  plains.  Nodontotna,  Nodina, 

Hetrraxpis,  Pgctidorolaspis,  Colaspis 

Flff.  2.3a.-LAKVA  OF  .•..HVN.,..Ks  ^^^^  Oohspoides,  are  the  other  com- 
mon  genera. 

Pm-hnephorus  hretifujhami,  Jac,  and  P.  impressun,  llos.,  take  the 
place  m  India  that  Myorhrous  takes  in  America,  as  being  destructive 

to  the  young  shoots  of  cane  and  cereals  ;  they  are  small  dust-coloured 
beetles,  with  the  appearance  of  weevils,  found  in  numbers  in  the 

expanding  leavos  of  the  young  cane  shoots  which  they  destroy  ;  hidden 

in  the  heart  of  the  shoot,  they  are  difficult  to  find  and  usually  escape 

observation,  the  destruction  of  the  young  shoot  being  assigned  to  some 
other  cause. 

Chrysomelince. — Though  these  beetles  occui'  in  all  pails  of  India, 
very  little  appears  to  be  known  beyond  the  mere  description  of  such 

species  as  have  reached  European  collections  and  been  described.  Nor 

is  there  any  complete  list  at  present  available  and  the  recorded  Indian 

species  are  buried  in  a  voluminous  and  scattered  literature.  It  is  the 

least  represented  division  with  less  than  70  recorded  species.  We  are 

not  aware  of  any  species  being  of  economic  importance  to  agriculture 





Pl.ATE  XXIIl.— Phidoj)onta  Modksta. 

Sugar-cane  Hihpa. 

F.^.  1     Epgs     ..  j  R  } 
 ^  •^"y  '*^**""  '"^^'"8- (  C.     Before  hatching 

2.     Newly  hatched  larva,     x  3. 

,,      ̂ .     ijarva  in  mine  in  cane  leaf 

,.      4.     Full-grown  larva,     x  3 

j'A.     Ventral  aspect      x  3. 
5.     Pupa     ...  •  6.     Dorsal  aspect,     x  3. 

[  C.     Ju»'.  before  emergence,     x  3. 

^A.     Just  after  emergence,     x  3. 
B.  1.5  minutes  after  emergence,     x  3. 

C.  .50        .,  „  „  X  o. 

D.     60        „  „  .,  X  3. 

Imago,  to  shoNT  disposition  of  spineh. 
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in  India  and  the  larvse  apparently  feed  wholly  upon  trees,  uncultivated 

shrubs  and  herbs.  The  group  is  characteristic  of  the  temperate  regions 

and  only  a  few  come  into  our  limits,  the  majority  being  Himalayan. 

A  large  number  of  larvsD  of  exotic  species  have  been  described  and  these 

are  known  to  feed  openly  upon  the  leaves  of  plants  as  do  the  (rahrucini. 

Phaedon  brasica,  Baly.,  is  a  steel-blue  beetle  found  feeding  upon 
mustaid  in  Golaghat  (Indian  Mus.  Notes,  Vol.  Ill,  p.  44).  Plagiodera 

is  represented  by  several  species  and  Lina  is  represented  by  the  Euro- 
pean L.  populi,  Linn.,  which  occurs  in  the  Himalayas.  Chrysofnda 

includes  a  variety  of  moderate-sized  beetles,  some  of  bright  colours, 
the  commonest  plains  species  of  a  dull  black  colour ;  two  are  abundant, 

the  spotted  Chrysomela,  C.  guttata,  Geb.,  and  the  imspotted  species  C. 

Pasccei^  Jac.  Paropsides  hieroglyphicus,  Gebl.,  breeds  freely  on  pear 

trees  in  the  hills  and  is  a  pest  in  Shillong. 

GalerucincB.  HaUicini. — A  large 

group  with  over  1.5()  described 

Indian  species  and  many  more  to 
be  recorded.  Podontia  is  common 

in  the  hills  and  moister  plain  areas, 

P.  affinis,  Grond..  and  P.  li-punc- 

lata,  Linn.,  being  the  familiar  spe- 
cies. The  latter  is  recorded  as 

breeding  in  Calcutta  on  Spotidias 

tnangifera  ;  the  larva  is  covered  in 

excrement  and  pupates  in  a  rough 

cell  of  earth  in  the  soil,  the  imago 

appearing  yearly  in  August  (Indian 

Mus.  Notes,  Vol.  IV,  p.  68).  Clitea 

picta,  Baly.,  is  a  small  oval  brown 

and  black  species  foimd  feeding,  as 
an  imago,  on  the  leaves  of  Bael 

(Aegle  marmdm).  The  beetles  jump 

freely  as  do  most  of  this  group. 

The  larva  is  found  boring  in 'the 
shoots  of  this  plant,  the  slendei- 

twigg  being  tunnelled  down  the  cen- 

tre but  little  harm  being  done.    The 

Fig.  231.— Podontia  14-punotata. 
(I.  M.  N.) 
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larva  is  soft,  whitish  with  few  very  short  hairs,  the  head  brown, 

the  tiny  round  spiracles  on  the  dorso-lateral  line.  BeMnd  the  head 
is  a  distinct  prothoracic  shield,  and  over  the  anus  is  a  flat  black 

plate  with  short  hairs  round  ;  this  plate  is  at  an  angle  to  the  long  axis 

of  the  body,  facing  dorsally  and  posterioi-]y  and  may  be  for  the  pur- 
pose of  enabling  the  larva  to  exert  pressure  by  placing  this  against  the 

wall  of  the  tunnel.  Chcetocnema  basalis,  Baly.,  is  the  flea  beetle  of 

rice,  a  small  active  beetle  that  leaps  readily.  This  and  other  genera 

include  the  common  flea  beetles  known  as  destnictive  to  crops  in  all 

countries.  Several  species  are  found  in  Indian  crops  attacking  wheat, 

sann  hemp,  mustard  and  brinjal.  The  larvae  of  these  small  beetles  are 
miners  in  the  tissues  of  the  plant.  Luperontorpha  weisi  is  recorded  as 

attacking  mango  trees  in  Purulia  (Indian  Mus.  Notes,  Vol.  V,  p.  125). 

HaUica    cyanea,    Web.,  is   a  common    steel-blue   beetle    of    moderate 
size.  It  breeds  freely  in  the  rains 

and  until  December,  the  black  larva' 

feeding  on  a  very  common  weed, 
Ammannia  rotundifolia  (Lythracecp) 

which  comes  up  abundantly  after 

the  rains.  Tliis  species  is  curiously 

plentiful  in  some  years,  but  is  very 
localised  and  swarms  have  been 

observed  clustered  in  a  patch  in  a  single  field  ;  they  are  gregarious  when 

abundant,  a  patch  of  ground  sometimes  black  with  them.  The  winter 

is  spent  normally  in  pupation  in  the  soil,  the  beetles  emerging  in  March 

and  wtiiting  till  fo(d  can  be  obtained.  This  is  one  of  the  perfectly 

harmless  insects  so  often  reported  as  injurious,  owing  to  its  presence 

in  lai-ge  numbers  in  crops.  Its  ally,  H.  ccerulea,  is  the  prey  of  the  bug 
Zicrona  coBrulea  as  is  piobably  also  this  species  (see  Pentatomida> 
below). 

Galerucini. — Over  2r)()  species  are  lecorded  and  this  number  will 

probably  be  doubled  when  the  Fauna  volume  comes  to  be  prepared. 

Oides  occurs  plentifully  in  forest  localities  and  occasionally  in  the 

plains  in  the  form  of  0.  hipwnctata,  F..  an  oval  orange  beetle  with  a 

black  blotch  of  varied  size  on  each  elytron.  The  larva  is  yellow  and 

feeds  on  the  leaves  of  the  common  wild  creeper  Viiis  trifoUa  ;  when 

full-grown  it  pupates  on  the   leaf  under  a  few  coarse  threads. 

Fi«. 233.— Haltica  cvanra 
LARVA,    X   4. 
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Aulacophora  is  the  conuuonest  beetle  genus  in  tlie  plains  with  three 

common  species.    A.  foveicollis,  Kust.    (=  abdominal  is,  (i.  et  H.),  i« 

Fig.  237.— MiMASTKA CV  ANRA. 

Vlg.  236.— AULAOOPHOKA 
KriVEICOLUS       fl.  M.  N.| 

deep  oiange  above,  while  A.  cxcavatft,  Haly.,  has  the  elytra  deej)  blue, 

A.  atripnmin,  Fabr.,  the  elytra  black,  and  A.  doimesi,  By.,  the  elytra 

black  with  a  yellow  basal  patch.  The  last  is  rarer  than  the  first  three. 

There  are  a  number  of  species  of  this  genus  and  the  whole  clasHification  of 

these  beetles  is  in  confusion.  Though  A.  jovcicoUu,  Kust.,  is  extremely 

(!omm(m,  nothing  is  known  of  its  life -history  and  all  attempts  to  solve 

the  problem  hitheito  have  failed.  It  is  a  destructive  insect  to  young 

cucurbitaceous  plants,  eating  the  leaves.  (The  larva  of  its  ally  Diabro- 

tica  in  America,  mines  in  the  stem  a  little  below  giound,  while  the 

beetle  behaves  as  our  species  does.)  Hoplasoma  also  includes  several 

common  species  whose  life-histories  appear  to  be  unknown.  Mimasira 

njanea,  Ho.,  is  principally  a  defoliator  of  forest  trees  and  occasionally 
occurs  in  numbers.  The  beetle  emits  an  acrid  yellow  fluid  from  the 

head.  Several  other  species  are  common  in  jungle  but  not  in  cultivated 

areafe.  We  figure  all  stages  of  Galerucella  rugosa,  Jac.  (Plate  XXll), 

whose  larva  feeds  on.  Polygonum  ;  tjiia  genus  and  Hafhsonyx  are  abun- 

dantly represented  even  in  the  plains.  Another  Galerucella  is  des- 

tmctive  (in  its  larval  and  imaginal  stages)  to  the  Wateinut  or  Singhara 

crop  {Trapa  Uspinosa),  destroying  the  leaves  of  this  valuable  plant. 
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HispincB. — Ciyptostome    beetles,    in    which   the  antenna'  are  set 
closely  together  on  the  front  of  the   head,   but   without  the   produced 

Fig.   iSH.— GONOFHOKA 

BKN(!ALK^S1^.  Fig.   239.— HlSl'A  -KNBHt'KNS,    X  7. 

prothorax  coveiing  the  head,  which  characterises  the  next  sub-family. 
These  beetles  have  a  characteristic  facies  of  their  own,  being 

usually  flattened,  the  sides  of  the  elytra  parallel,  the  prothorax  narrow, 

the  integument  either  much  pitted  in  lines  or  with  regularly  arranged 
spines.  The  antenna  project  in  front  of  the  small  head ;  the  legs  aie 

short,  the  elytra  often  have  truncate  ends.  The  colouring  is  varied, 

browns,  metallic  blacks  and  occasionally  brighter  metallic  tints  predo- 

minating. Some  species  are  evidently  ciyptically  formed  and  coloured, 

escaping  notice  when  resting  motionless  on  a  young  leaf  tightly  pressed 
to  the  surface. 

The  life-history  of  several  species  in  India  has  been  worked  out 
(Plate  XXni).  The  essential  features  are  that  the  egg  is  laid 

in  the  tissues  of  a  leaf  or  plant,  the  i-esulting  grub  mining  in  the  tissues, 

and  producing  a  ' '  blotch  ' '  mine.  Moults  take  place  inside  the  mine 
and  the  larva  is  much  flattened,  though  in  some  cases  provided  with 

legs.  Pupation  takes  place  in  the  leaf.  The  beetles  are  similar  in 

appearance  in  both  sexes.  So  far  as  known,  all  Hispince  have  such  a  life- 

history  and  the  larva  lives  concealed  in  the  tissues  of  plants.  Hiber- 
nation and  other  periods  of  rest  take  place  in  the  imago  state. 
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One  speciea,  Hispa  cmescem,  By.,    is   a  serious   major    pest,    and 

another  Leptispa  pygmeea,  By.,  occasionally  rivals  it.     Others  are  minor 

pests  or  live  in  uncultivated  plants. 

Hymenopterous    parasites    are    the 

only  known  check  on  the  increase 
of  these   insects.      H.  Donckier  de 

Donceel's     Catalogue     (Ann.    Koc. 

Ent.  France,  1889,  LXVIII,  p.  '-i^i), 
enumerates      ill     Indian     species. 

chiefly  of   the  following  genera  : — 
CaUispa  14,  Ani8oderal2.  Gonophora 

il.  Dotvnesia  10,  Platypria  7,  Hispa  42. 

A    few,    including    plains    species, 

have  been  described  since.   Crestroi's 

papers  (Ann.    Mus.    Civ.    Genova). 

Baly's    catalogue  of  Hiipidce.    and 

Weise's    recent    papers    (Deutsche 

Entomologische  Zeitschrift)  describe  i^'K-  -ito.-LEPTispA  pvom.ka. ,,.?,,  .  (f.  M.  N.) 
the  majonty  of  our  species. 

Lejdispa  pygnusa.  Baly.,  is  a  narrow  steel-blue  S})ecies  destructive  to 

rice  in  Malabar  and  occasionally  found  elsewhere  in  the  plains.  Its  life- 
histoiy  is  unknown.  Aniblispa  heviifcUa,  Guer.,  is  a  spineless  black  insect 

found  on  the  leaves  of  the  high  grass  in  Canara  and  the  Himalayas. 

Gorwphora  })enyalemis,  We.,  is  a  pretty  yellow-brown  species  with 

black  spots  found  abundantly  during  the  rains  in  submontane  local- 
ities. 

PkUi/pria  includes  P.  Andrewesi,  We.,  described  from  specimen.^ 

reared  from  ber  {Zhyphus  jvjiiba)  and  common  in  widely  spread  local- 
ities in  the  plains.  The  larva  does  not  remain  in  one  mine  but  moves 

about,  eating  into  the  leaf,  eating  out  a  kind  of  pocket  and  then  emerg- 

ing to  commence  a  fresh  pocket.  The  larva  (%.  241)  is  flat,  the  head 

laige  and  hard,  with  short  antenns*  and  a  lateral  cluster  of  ocelli;  the 

prothorax  bears  a  dorsal  and  a  ventral  shield  ;  the  segments  are  pro- 

duced laterally  and  bear  a  terminal  backwardly-curved  process  ;  the 

spiracles  are  on  the  dorsum  ;  the  legs  are  well  developed  and  the  larva 

ruHB  actively ;   the  abdomen  terminates  in  a  flat  chitinous  plate  with 
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a  lateral  process,  the  anus  being  ventral.    It  pupates  in  a  special  pocket 
in  the  leaf.    The  pupa  is  similar,  but  the  fourth  abdominal  segment  is 

Fi(j.  341.— Platyhbia  andbkwksi.    Larva  on  beh  lkaf; 
<)I,D  AND    PUTAI,   MINES,    X    3. 

drawn  out  laterally   into  a  strong  baokwardly-directed  process  on  the 
dorsum. 

P.  echidna,  Guer.,  is  a  common 

form  in  the  Western  Ghauts  and 

Nilgiris.  Hispa  (Phidodonta)  modesta. 

We.,  has  been  bred  in  sugarcane; 

its  life  has  been  fully  described 

(Mem.  Agri.  Dept.  Enx.),  as  has  also 

that  of  Hispa  cenescens,  By.  This 

last  is  a  very  important  pest  in  rice- 

growing  tracts  and  may  be  distingui- 

shed by  the  foi-m  and  position  of  the 
prothoracic  spines,  the  small  tooth 

at  the  lower  edge  of  the  basal  an- 

teimal  joints,  the  absence  of  spines 

on  the  antennae  above  and  the  me- 

tallic black-green  colour.  The  dis- 

crimination of  Hispids  is  not  difficult  if  attention  be  paid  to  such  points, 

but  the  student  may  be  cautioned  against  hasty  identification  without 

very  careful  examination. 

Fig.  242.— PlATYl'RlA   ANDRBWBMI. 
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V\e. 
A  B 

243  — Ammdomoki'Ha  miiiaki'<. 
A.  Vaw  mahh,  U.  Lai(\a, 

C.    Pi'I'A,   n.   IMA(.(I. 

Ccuaidince. — Tortoise  Beetles.  The  characteriBtic  of  these  beetles  is 

the  flattening  of  the  body  and  the  extension  of  the  pronotum  over  the 
head  The  form  is  oval  or  rounded, 

the  outline  of  the  extended  pio- 
thorax  continuous  with  that  of 

the  elytra  and  giving  the  insect  the 

appearanop  of  a  tortoise.  The  co- 
louring is  either  dull  green  or  dry 

grass  colour,  or  is  peculiarly  brilli- 

ant, the  living  insect  having  a  glit- 

tering golden  hue  with  a  ground  tint 

of  red,  pink  or  green.  In  appeal - 
ance  these  are  perhaps  the  most 

striking  of  all  insects,  living  jewels 

of  the  most  delicate  beauty.  The 

object  of  tliis  colouiing  is  not  cleai, 

though  the  dull  gieen  ones  aie  evidently  cryptic,  in  conjunction  with 
their  form  and  immobile  attitude  on  the  plant. 

Few  details  are  available  as  to  the  life-history.    Eggs  are  of  two 

types,   single  eggs  laid  on  the  leaf  (Coptocifcla),  egg  masses  containing 

many  eggs  {Aspidomorpha) ;  larva* 
aie  flattened,  with  processes  beai- 
ing  spines,  with  three  pairs  of  legs 

and  having  an  anal  process  which 
can  be  turned  over  the  doisum 

and  bears  the  dried  excreta.  We 

figure  such  a  larva  (Plate  XXIV) 
These  larvae  are  found  on  the 

leaves  of  their  foodplants  and.  in 

the  moist  tropical  zones  where 

they  are  of  large  size,  they  aie 

extremely  striking.  Their  food  is 

the  epidermis  or  tissues  of  the  leaf 

and  they  are  nocturnal  inhabit  as 

a  lule.  Pupation  takes  place  on 

the  leaf  and  the  processes  on  the 
-LaKVA  ok  MblMIONA  ,       ,  ,       i  ,      ̂   ,  ,, 

,  incr  Ml) ATA.  "oay  fti'P  *  marked  feature  of  these 
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insects.  None  can  be  reckoned  as  pests  since  none  occur  abundantly  ; 
Convolmlacew  are  their  food  especially,  several  feeding  on  sweet 
potato  (Ifomcea  batatas)  and  on  garden  creepers.  The  majority  breed 
only  in  the  rains  since  there  is  then  only  a  sufficiency  of  food.  Appar- 

ently thp  imago  goes  into  hiding  for  the  intervening  seasons,  but 
accurate  data  on  this  and  other  points  in  the  life  history  arc  not 
available. 

Th"  species  arc  described  by  Bohemann  in  his  Monograph,  dat^d 
J  8.50-1  H()2.  and  a  number  of  species  have  been  described  since.  Hop- 

h'omta  (()),  Prioftcm  (8),  Cahpepla  (4),  EfiMictia  (3),  Chirida  (4). 
Aspidoniorpha  (14),  Oassida  (20),  Laceoptera  (4),  Coptncifcla  (13). 

are  the  genera.  The  larger  and  more  brilliant  species  of  CaJopepla. 

Aspidnmorplm.  etc.,  are  wholly  hill  or  forest  forma,  and  only  the 

duller  green  Metrionn  and  Coptoojcla  and  the  smaller  Aspidomorphn 

occur  in  the  plains.  Aspidomorpha  miliar  is,  Fabr.,  was  reared  in 

Calcutta  on  Convolvulus ;  it  commonly  attacks  sweet  potato  also.  The 

life-history  has  been  worked  out  in  the  Philippines  by  W.  Schultzc, 
who  fieures  all  stages.  (Philippine  Journal  of  .Science,  HI,  p.  2()].) 

TJie  duration  from  the  egg  to  the  emergence  of  the  adult  was  38  days,  there 

being  four  laival  nwults  before  the  pupal  moult.  He  remarks  that  the 

larviP  feed  and  pupate  in  groups.  The  student  should  consult  this 

paper,  as  also  Muir  and  Shai-p's  (Trans.  Ent.  Soc,  London,  1904,  p.  1), 

and  Muir  and  Kershaw's  (Loc.  Cit.,  lilOT,  p.  249),  for  interesting  notes 
on  the  eggs  and  transformations  of  this  group. 

Mclriona  circnmdata,  Hbst.,  is  the  commoner  green  form  breeding 

on  the  same  plant,  as  also  does  the  common  six-spotted  Chirida 
Hexiiotata,  F.,  both  of  these  laying  eggs  singly  on  the  leaf.  Vasxida 

dorsonotata,  lioh.,  is  common  in  the  moister  areas,  while  Coptocych 

varians,  Hbst.,  is  found  in  abundance  breeding  on  the  wild  Ipomoea 

on  sand  dunes  [Jpomcea  pes-caprce) ;  the  single  oval  egg  is  laid  on  the 

leaf  and  is  fastened  with  short  brown  filaments  from  the  side  of  the  egg 

on  to  the  leaf  ;  the  green  larva  is  flattened  and  very  difficult  to  see, 

resting  by  day  motionless  on  the  plant. 

Colle(ting.—Ths  beetles  are  easily  collected  and  preserved ;  their  food- 

plants  should  in  all  cases  be  noted.  Whenever  possible  they  should  be 

kept  olive  with  food  till  eggs  are  obtained  and  the  larva-  studied.    This 
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is  not  always  possible  and  the  life-histories  of  some  of  our  commonest 

species  still  remain  unknown.  For  this  reason  every  larva  found  de- 

serves careful  rearing ;  larvir  are  preserved  in  formalin.  The  student 

may  be  cautioned  against  hasty  identification  of  specimens  that  look  ex- 

tremely alike,  more  especially  in  the  Hwjndes.  There  is  no  group  that  re- 

(juires  more  careful  scrutmy  before  pronouncing  two  specimens  to  belong 

to  the  same  species,  and  thi%  is  of  great  importance  in  the  economic 

species.  There  is  also  no  group  that  offers  such  scope  to  the  inquirer, 

especially  in  the  bionomic  aspect.  To  the  naturalist  living  in  a  forest 

or  hill  district  there  is  immense  scope  and  the  fauna  of  any  one  place 

will  take  years  to  procure  and  work  .out  properly. 

C'er.imbycid.b.— (Iowj»'corMw). 

Anfonnw  hmj,  their  bases  'partlfi  encircled  6//  the  ei/es. 

Vp'per  surface  pubescent. 

This  large  family  of  large  insects  is  readily  retjognisable  from  their 

general  form  and  their  long  antenua;.    They  range  from  imder  half  an 

Pig.  245,— Batocera  rubra. 
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inch  to  over  one  inch  in  length,  the  body  robustly  built  and  the  inte- 
gument hard.  The  colours  are  sombre  or  bright,  many  being  cryp- 

tically coloured,  others  exhibiting  Mullerian  mimicry,  imitating  the 
colouring  of  wamingly  coloured  insects. 

The  head  is  distinct  and  well  developed,  with  large  eyes  and  power 

ful  trophi,  the  heavy  biting  mandibles  being  prominent.  Antennae 

are  long,  dentate  in  some  forms,  in  others  with  tufts  of  hair.  The  pro- 

thorax  is  powerful,  accurately  adapted  to  the  body.  The  elytra  cover 

a  pair  of  ample  wings  and  are  closely  applied  to  the  abdomen.  Tn  some 

cases  they  are  abbreviated  or  narrowed  and  do  not  wholly  cover  the 
abdomen.  The  legs  are  long,  the  tarsi  pubescent.  Males  are  similar 
to  the  females,  the  former  having  larger  mandibles  and  distinctions  in 
the  antennae  and  forelegs  and,  as  a  rule,  the  antenna?  are  longer.  They 
stridulate  by  moving  the  prothorax  against  the  body,  the  po'sterior 
edge  of  the  prothorax  rubbing  on  a  corrugated  surface  on  the  meso- 
thorax  and  so  producing  an  audible  squeak. 

Fi(t.  246.~C(K10STERNA   RCABRATA  LARVA. 

The  life-history,  so  far  as  known,  is  uniform  throughout  the  group. 

The  females  lay  large  eggs  singly  in  cracks  of  the  bark  of  trees  or  on 

bamboos.  These  eggs  hatch  to  legless  larvae  wliich  tunnel  in  the  hard 

woody  tissues,  eating  out  large  galleries  in  which  they  live.  Tiie  larva 
is  characteristic  in  form,  generally  similar  to  that  of  Buprestidae  but 

with  the  abdomen  more  developed  and  the  swollen  prothorax  less 

marked.  The  head  is  small,  with  powerful  biting  mandibles.  The 

thorax  is  slightly  swollen,  with  a  broad  dorsal  plate,  without  legs  ;  the 

abdomen  often  has  dorsal  plates  on  each  segment.    The  pupa  is  found 
IIL  24 
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in  the  tuiuiel,  in  a  chamber  formed  by  closing  up  the  tunnel  at  its  head 

and  tail,  or  in  a  cocoon  of  white  hard  material  derived  from  the  excre- 

ment. The  length  of  the  life-history  is  known  in  few  cases  but  in  species 
investigated  elsewhere,  has  been  foimd  to  be  very  long,  as  much  as  three 

years  being  spent  in  the  larval  stage.  This  is  due  possibly  to  the  lack 

of  nutrition  in  the  food  of  the  larva,  the  dry  woody  material  not  con- 
taining much  nutriment ;  a  great  amount  of  it  must  pass  through  the 

alimentary  canal  in  order  to  supply  the  necessary  food  and  a  long 

period  is  apparently  consumed  in  obtaining  this.  The  larval  galleries 

are  often  very  large  and  extend  to  a  great  length  through  the  trunks 
of  trees. 

The  family  is  a  very  large  one,  principally  confined  to  forest  areas 

and  of  no  importance  in  Agriculture  except  in  special  cases.  Few  are 

found  in  the  cultivated  plains  and  the 

bulk  of  the  species  are  purely  forest 

haunting  insects.  The  Indian  species  are 

l)eing  described  by  (iahan  in  the  Fauna 
of  India. 

The  family  is  divided  into  two  siib- 
families  : — 

CerambycincB. — Head  in  front  oblique 

or  sub-vertical,  last  joint  of  palpi  not 
pointed  in  front.  Fore  tibiae  not  grooved 
beneath . 

iamtmcB.— Head  in  front  vertical  or 
bent  inwards  well  below  the  thorax. 

Last  joint  of  the  palpi  pointed  at  the  end. 

Fore  tibiae  generally  with  a  groove  beneath. 

Fig.  247. 
-Hatoobka  kubra 

PUPA. 

(Gahan). 

CerambifcincB. — Gahan  makes  four  sub-families  :- 

Prionini. — Distinguishable  as  a  jule  by  the  sharp  lateral  margins 

of  the  prothorax.  Disteniini.  Ten  hill  forms.  lA>-pturini.  Twenty- 
three  hill  forms.  Cerambycini.  Embraces  most  of  our  forms  but  is 

not  readily  distinguishable  in  the  case  of  hill  forms,  except  from 
Prionini. 
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Pnonini. — An  assemblage  of  53  Indian  species,  of  which  two  only 
are  common  in  the  plains.    They  are  large  dark  brown  insects,  the  an 

Klg.  248.— PllIOTYRANNrs  MOUDW. 

tennip  long,  the  prothorax    usually  spined,  the  mandibles  often  very 

long,  curved  and  pWerferi.    Dorystheneit  montanux,  Guer.,  is  stated  to 
come  out  of  the  soil  ̂   the  Nilgiris  in 

such  numb*ej$i  as  i^  tfwrftr  the  soil ; 

this  occurs  in  A|9|ait.%^gd'Jtoie, 
the  observer  (Mr,  jBfjjjsdifti^-ffcflltet 

remarking  that  the  TwarB  ,^Mi.  these  • 

beetles.  (?)  (Ouer.  Men.,  Rev.'Zool., 

1840,    p.    40.)     The    large    brown 

beetle  that  flies  into  lights  in  South- 

ern   India    and  bites  so   freely   is 

Priotifrannw  mordax,  Wh.    The  less 

formidable      Parafhrm    granuhsus 

Thorns,   com^s  into  houses  at  night 

in  Behar.    Macrotoma  crenata,  Fabr., 

is  a  common  plains   species,  wide- 

spread   over    India,    found    imder 

fallen  leaves  and  at  light.   Aegosoma, 

coshpenne,    Wh.,    is    recorded    as 

boring  into  teak  trees  in    Assam. 

(I.  M.  N.  II,  p.  12.)    Acanthophmus 
Fi(f.  249  — HYroRscHRUS  indious. 
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serraticomis,  Oliv.,  occurs  in  South  India  where  it  bores  in  mango  and 

has  been  found  as  far  North  as  Amballa,  and  A.  nwdu-us,  Gah ,  is 
known  only  from  Lahore. 

Fijf.  450.— ACANTHOPHOBrH  t.FBBATI(!<>BMIS. 

Ceramhydm . — Gahan  lists  309  species  from  the  Indian  region, 
divided  into  20  groups.  It  is  impossible  to  discuss  so  large  a 
number  of  forms  here ;  about  12  may  be  considered  as  common 

in  the  plains.  We  figure  Bypoeschrui  indicuK,  Gah.,  which  bores  in 
the  Sal  tree. 

Xyslrocera  globosa  is  a  reddish  brown  beetle,  of  about  one  inch 

length,  with  a  conspicuous  longitudinal  band  of  metallic  green  along 

the  elj^ra,  found  very  widely.  It  represents  the  third  group  (Mmiwi. 

Mr.  Willcocks  states  that  it  is,  in  Egypt,  a  serious  enemy  of  the  Siris 
tree  {Albizzia  lebeJc). 
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Stromatium  barbatum,  Fabr.  (Hesperopham),  is  perhaps  the  most 
abundant  Cerambycid  beetle  in  the  plains,  and  is  known  to  breed  in 

Khair  {Acacia  catechu),  teak,  sissu  and  other 

dry  timber  ;  it  is  a  dull  brown  insect,  whose 

most  interesting  feature  is  the  patches  of 

silky  hair  on  each  side  of  the  prothorax  of 

the  males ;  these  are  so  placed  and  set  that 

they  catch  the  light  in  a  very  marked  way, 

reflecting  it  towards  the  front,  so  that 

looked  at  from  in  front  the  insect  appears 

to  have  two  large  shining  eyes  ;  this  may 

be  mere  fancy  or  may  serve  a  useful  pur- 

pose in  courtship  or  defence.  This  beetle  is 
known  to   emerge  yearly  in  early  June 

The  Cerambycines  contain  a  large  number 

of  forms  common  or  injurious.  Plocederax 

obesus,  Gah.,  is  the  insect  recorded  as  des- 
troying sal  (1.  M.  N.  I,  p.  91);  its  cocoons, 

which  are  large,  hard  and  formed  apparently 

wholly  of  calcium  carbonate,  are  striking 

objects.      MolestJiss    holosericea,    Fabr.,   is 

recorded  (I.  M.  N.  1.  p.   89)  as  breeding  in 
Fie.  a.">l.— Sal  wool)  ATTACKKD      ,  ,  ,„,  ,      ,   >      tx  ■  j.  i Hv  HYFOEscHRus  iNDious.       sal  wood  {Skorea  Tobusla).     J t  is  an  extremely 

handsome  beetle  of  rather  over  an  inch 

length,  covered  with  line  pubescence  that 

gives  beautiful  silky  reflections.  It  is  one 

of  the  common  plains  species.  Dwrthm 

nimplex,  Wh.,  is  another  common  and  wide- 

spread species,  of  a  dull  brown  colour, 

resembling  the  preceding  generally  but  with 

a  distinct  scar  at  the  apex  of  the  basal 

antennal  joint  bounded  by  a  little  ridge. 

Derohis  demissus,  Pasc,  is  a  smaller  brown 

species  without  the  antennal  scar  and  with 

a  fine  ridge  along  the  ventral    face  of  each         ̂ .^  252.-ABOLEbTHia8 
femur.  HOLOiiEKiotiA, 
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With  the  Callichromini,  we  leave  the  dull  brown  species  and  come 

to  metallic  blue  and  green  species  of  larger  size  and  more  slender  build. 
Chloridolum  alcmene,  Thorns., 

is  the  species  found  boring  in 

the  trunks  of  orange  trees  in 

Coorg  (see  Agri.  Joum.,  India, 
Vol.  I,  p.  129).  It  is  a  deep 

blue  insect,  the  legs  dark 

coloured  ;  it  is  recorded  also 

fiom  Assam,  Andaman  Isles, 

and  Burmah,  while  Mr. 

Andrewes  found  it  in  the 

Nilgiris.  No  other  species  is 
notable  and  none  occur  in  tlie 

cultivated  plains ;  some  are 
known  to  emit  an  odoui  which 

18  pleasant  and  possibly  con- 
nected with  sex. 

The  (Uiftim  include  a  large 

number  of  hill  fojms,  chiefly 

slender  insects  with  a  cylindri- 

FiK.  253.-CHU.K1I...LIM  AUMFNE  ^'^^  Or  globosc  prothorax  and 
marked    in     bright     colours. 

Xj/Iotrechu  has  the  antennae  wide 

apart  and  the  front  with  ridges ;  it 
includes  the  White  Borer  of  Coffee. 

X.  quadripes.  C'hevr.,  whose  larva 
lives  in  the  stems  of  the  coffee  plants. 

Much  has  been  written  about  this  pest 
which  occurs  in  the  coffee  districts 

of  South  India  and  is  most  destructive 

to  coffee  grown  imder  too  dense  shade. 
It  is  found  also  in  Assam,  Sylhet  and 

Burmah  and  is  an  example  of  an  ordi- 
nary indigenous  insect  which  finds 

abundance  of  a  cultivated  plant  in 
which  it  can    breed  and  thus  becomes 

Fig.  254.— XVLOTKKCBUg  QVAI)BIPB8. 
Thc  White  Boreu  of  CorrEK. 
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a  pest.  Tbe  reader  should  consult  the  account  of  Dunning  (Tr.  Ent. 

Soc,  London,  1868,  p.  105),  of  Bidie  (Report  on  the  Ravages  of  the 

Borer,  1869,  Madras),  and  that  of  Taylor  (The  Wliite  Borer,  1868. 
Madras). 

dalochjtus  is  a  large  genus  of  yellow  banded  beetles,  one  of  which  is 

(K'oasionally  extremely  abundant    in    the  plains.     This  is  C.  annularis, 
Fab.,  a  slender  beetle  clothed 

in    yellow    pubescence,    with 
dark  bands  on  the  thorax  and 

y        ̂ ^^t_      \  elytra ;    it   lays   its   eggs   on 

r       ̂ '^^^■V      \  bamboos,  the  larva  living   in 
/   ̂ ^^^^  \        \  the     bamboo    and    gradually 

^  ̂^^^^^\     *      \  destroying  it ;   the  life-history 
/    ̂ ^^H    \  I  occupies  one  year,  the  beetle 

iT       ̂ ^V      ̂ ^  J  being    easily  reared    in  <;apti- 
»  ^^  ^  vity ;  large  numbers  have  been 

found  to  emerge  from  a  that- 

FiR.  A'l,'). -Oklostekna  scABKAiA.  ched  roof  in  which  new  bam- 
boos were  used,  their  emergence 

taking  place  in  May.  Other  species  are  extremely  common  in  the  hills, 

as  are  also  some  species   of  Clytus  and  Demonax. 

Lamiince.—Thii  revision  of  this  sub-family  is  not  yet  complete 

and  we  can  only  mention  the  common  species  of  the  plains,  with  the 

caution  that  the  publication  of  the  revision  in  the  Fauna  Volume  will 

inevitably  alter  the  nomenclature  of  the  species  named.  Batocera 

ntbra,  Linn.  (figs.  245  and  247),  is  the  large  beetle  found  throughout  the 

plains,  whose  larva  is  common  under  the  bark  of  trees ;  it  appears  to 

occur  chiefly  in  decaying  bark  and  the  trees  felled  in  Pusa  contained 

abundance  of  the  large  larvae  and  pupse.  It  is  an  extremely  handsome 

insect,  the  largest  of  the  common  plains  species.  It  is  common  also 

in  mango,  and  E.  P.  Stebbiug  has  described  its  occurrerce  in  the  Duki 

fig  (Ind.  For.  Bull.  W).  Ccehsterna  spinator,  F.,is  a  common  beetle 

breeding  in  babul  (Acacia  arabica)  ;  the  beetle  has  been  found  to  eat 

the  bark  of  cotton  plants  and,  when  abundant,  as  it  occasionally  is,  to 

do  harm  in  this  way.  0.  scabrata,  F.  (figs.  246  and  255).  has  been 

reared  from  Casuarina  equisetifolia  in  South  India,  where  it  is  very 

destructive  to  young  trees,  and  also  from  mulberry.    Sthenias  gnsator, 
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F.,  u  a  smaller  beetle  reported  to  girdle  Tabet  nmriontana  alba  blanches 
in  Soutli  India,  as  well  as  to  cut  down  rose  bushes  (Ind.  Mus.  Notes 

HI,  p.  40).  Olcnccamptus  bilobua,  F.,  is  common  in  the  plains  on  pakur, 

gular  and  other  fig  trees ;  it  is  conspicuous  by  the  round  white  spots 
on  tlie  smooth  brown  elytra  and  is  likely  to  be  found  everywhere  in  the 
plains.  Apotnecyna  histrio.  F.,and  A.  pertigera,  Thnma.,  are  common 
among  cultivated  crops ;  both  are  of  small  size,  dull  brown  in  colour, 

with  many  small  white  spots  disposed  over  the  elytra.  The  latter  have 

been  reared  fi'om  th  e  stems  of  the  common  pumpkin  {Cucurbita  pepo) 
in  which  it  occurs  abundantly  (Plate  XXV). 

Amongst  the  many  species  of  Glenea,  G.  spilota,  Thoms.,is  known 

to  breed  in  the  trunk  of  the  silk  cotton  tree  {Bombax  malabaricum),  the 

larva  being  found  abundantly 

in  the  decaying  trimk  after  the 

plant  has  dried,  in  common  with 

a  host  of  other  insects,  il/ono- 
hammus  nivosus.  Wh.,  is  the 

commonest  representative  of  this 

immense  genus,  an  insect  found 

on  the  Ak  plant  {Calotropis  spp.) 

in  the  plains.  Its  larva  is  found 

in  the  stem  of  the  plant,  Suinauunj 

up  the  centre  and  the  beetle  is  to 

be  found  practically  wherever 

this  plant  grows. 

y» 

*»K 

Fjg.  256.— MONOHAMHUB  VEKHTEEOl. 

The  following  list  of  plants 

bored  by  Cerambycidse  is  com- 
piled from  Indian  Museum  Notes 

(I.M.N.),  the  reports  of  the  Forest 

Zoologist  (E.P.S.),  of  the  Jlnto- 
mologist,  Indian  Tea  Association 

(C.B.A.),  and  our  own  records.  We  have  included  borers  of  other  groups 

such  as  the  Arbelid®,  Cossidse,  BuprestidsB,  etc.,  but  the  records 

are  extremely  meagre  and  show  how  little  this  subject  has  been 

investigated.     The    boreis   in   dry    wood,    etc.,    of   the    Bostrichidae, 





PLATE   XXV.     AroMECYNA  Pertigkra. 

Fig.  1.     Egg. 

„      2.     Full-grown  larva. 

ventral  and  dorsal. 

5.  Beetle. 

6.  Beetle  feeding  on  growing  plant. 

7.  LartK  and  pupte  in  tbe  stem. 
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etc.,  aud  the  larvaj  living  in  the  branches,  etc.  (as   the  Curculionidffi), are  omitted. 

Fi(f.  267.— Nkoubkambya.  rAKib. 

Plant 
Boifd  l»^. 

Akli. 
Cahtropis  yiganlea. Monohammus  ntvoi,us. 

Asau. Termindia  tommtom. Molesthes  holoserkea  (T.  M.  N.) 
Babul. Acacia  arabica. Molesthes  holoserkea  (I.M.N.) 

» ?»              n Caehsterna  apincUor  (I.  M.  N.). 
Ber. Zizyphus  jujuba. {Arbela  tetraonis.) 
Bamboo Dendrocaiamus  striclun. Stromatium  barbatum  (B.  P.  S.) 

. Bamhum  sp.  (djy). Caloclytas   annularis. 
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Teak.  Tectona  (frandis.  Batocera  rubra    (1.  M.  N.). 

,,  „           ,,  StromcUiumbarbatum{l.M.^.). 

„  „           „  Stromotium  ionj7icome(l.M.  N.). 

,  ,,            „  Aegosoma  costipenne  (I.  M.  N.). 

„  ,,           ,,  ^olesthes  holosericea  (T.  M.  N.)- 

„  .,           .,  (Psiloptera  fastuosa)  (I.M.N.) 
„  ,,            ,,  (Cossus  podambce)       (1.  M.  N.) 

RHYNCHOPHORA. 

A  series  of  beetles  recognised  by  the  tarsi,  which  are  similar  to 

those  of  the  Phytophaga  (fig.  1H8),  by  the  antennee,  usually  clubbed  and 

often  elbowed,  and  by  the  rostrum,  the  head  being  drawn  out  more  or 

less  distinctly,  so  that  the  mouth,  instead  of  being  ventral,  is  anterior 

to  the  eyes,  and  often  at  the  apex  of  a  distinct  beak-like  prolongation 

of  the  head.  It  is  difficult  to  place  a  few  forms  and  to  distinguish 

exactly  between  this  series  and  some  of  the  Phytophaga,  but  such 

cases  occur  veiy  rarely.  The  Rhynchophora  are  on  the  whole  a 

distinct  series,  all  phytophagous,  with  leg-less  larvae  usually  living 

concealed  (pace  Cionus)  and  including  a  large  number  of  boring  insects 

found  as  larvae  in  plants. 

AxTHRIBlDiB. 

Rostrum  short  avd  blunt.    Antennee  strawjU,  usuallif  clubbed,  eleven 

joints.    Tarsi  of  fmir  joints,  third  small  and  hidden. 

Dull  coloured  beetles  of  small  size  and  not  often  found,  the  body 

clothed  in  pubescence.  These  beetles  are  found  on  tree  trunks,  on 

mushrooms,  on  dead  wood  ;  few  are  very  active,  though  a  few  can  leap 

(Arwcerus).  The  larvae  are  white  grubs  similar  to  those  of  Curculionidw 

but  sometimes  with  legs.  They  are  found  in  seeds  and  in  wood. 

Though  few  Indian  species  are  known,  many  probably  occur  and  their 

identification  is  not  easy.  Malaya  is  the  head-quarters  of  the  family. 

The  student  who  specialises  in  this  family  will  find  a  list  of  the  known 

species  with  bibliographical  references  in  Ann.  Soc.  Ent.,  Beige,  XLIX, 

p.   218  (1905).    Bovie   here   lists  91   species  as   occurring   in     India, 
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Casuaiina. 

»> 
Coffee. 

Gular. 

Guava. 

Khair. 

Lime. 

Orange. 
Litchi. 

Mango. 

Pumpkin. 
Sal. 

Sandal. 

Simul. 

Sissu. 

Tea. 

Casuarina  equisetifolia. 

Coffea  arabica. 
•J  ♦» 

Ficus  glomeratus. 

Psidnim  ijuava. 

Acacia  catechu. 

Citrus  medica. 

..    aurantium. 

NepheUum  litchi. 
Marujifera  mdico. 

Cucumin  melo. 

Shorea  rofiustn. 

Santalum  album. 

Bonibax  malcibaricum. 

Dalbergia  sissu. 

CamrlHa  theifera. 

(Arbela  tetrofmix). 
Ccehsterna   scabrata. 

Xylotrechus  quadripes  (I.  M.  N.) 

{Zeuzera  coffece)  (I.  M.  N.). 
Batocera  rubra. 

{Arbela  tetraonis). 
Moledhes  holosericea. 

{Belionota    frasina). 

Stromatium  barbatum  (1.  M.  N  ) 

Chloridolum   alcmene. 

{Agrilus  grisator). 
(Arbela  tetraonis). 

Acanthop?iorus  serraticorriis. 
Stromatium  barbatum. 

Batocera   rubra. 

(Arbela  tetraonis). 

Aponteryna  pertigera. 
Plocederus  obestis     (I.  M.  N.). 

H(yploceramibifx      spin  icornis 
(I.  M.  K). 

Ccehsterna   scabraia  (1.  M.  N.). 

{Chri/sobothri/s    sexnotala) 

(i.   M.    N.). 

jEoles^es    holosericea 

(E.  P.  S.). 

Acant/iophorus         serraticornis 

(E.    P.    K.). 

Dialages  pauper    (B.  P.  S.) 

Hypaschrus  indicus  (I.  M.  N.). 

(Zeuzera   coffees). 

Plocederus  obelus  (I.  M.  N.). 

Glenea  spihta. 
Stromatium  barbatum. 

(Arbela  dea).    (C.   B.  A.). 

(     ,,    quadrinotata).  (C.  B.  A.). 

(Phassus    malaban'cus). 







SWEET  POTATO  WEEVIL, 



PLATE  XX VT.  -Cylas  Formicauius. 

Sweet  Potato  weevil. 

Fi«    1.  E{?s      X   10 

2  Smiill  potato  uhowinjj  eggs  laid  on  it.     x  2. 

,.      3  Larva. 

4  AtUcked  potato. 
5  1 

!■  Pupn,  map;nified. 

7      Imago. 

.,      fi.      Antenna  of  femalo  above,  male  below. 
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Burma  and  Ceylon.    Jordan  has  described  the  majority  of  the    forms 
from  our  limits. 

Eucori/nus  craxsicornlis,  Fabr.,  is  a  dark  coloured  insect  found 

not  uncommonly  in  tree  bark  in  the  plains,  while  Phlwohiiis  aUernans, 

Wied.,  has  been  found  on  plants.  Arwcerus  fasciculatux,  de  G.,  is 

cosmopolitan  and  has  been  recorded  as  breeding  in  Areca  nut  in  India. 
It  is  stated  to  have  been  distribiited  in  cofFee  beans  in  which  it 

breeds  freely.  This,  or  a  very  closely  allied  species,  breeds  freely  in 

old  dried  cotton  seeds  (Plate  XXVII)  that  remain  on  the  plant  after 

picking,  and  we  have  reared  very  large  numbers  from  such  seeds. 

Another  has  been  reared  in  dry  chilli  pods  and  a  third  from  the  stem  of 

parwar  (Trirhosanthes  anguinn).  The  cosmojjolitan  species  feeds 

on  a  great  variety  of  substances  and  is  variable  in  appearance  ;  the 

discrimination  of  species  is  not  easy  in  this  uenus. 

CuRCULiONiD.*. — Weevils. 

Labium  abnent.    ArUenwt  clubbed  and  elbuwed.    Head  produced 

into  a  rostrum.     Fourth  tarsal  joint  redtued. 

Weevils  are  recognisable  by  the  rostrum    and  elbowed  antenna' 

in  almost  all  cases.     They  vary  in  size   from  one-eighth  of  an  inch  in 

Fig.  259.— UKiOHVASFIKTIM  TIHIALIh. 
X  6.    1 1.  M.  N.l 

length  to  nearly  two  inches,  and  in- 
clude a  large  number  of  forms  a 

little  more  than  a  quarter  of  an  inch 

long.  The  colours  are  commonly  dull, 

browns  and  greys  predominating, 

many  black,  a  few  a  rich  red  brown 

and  some  green.  In  many  species  the  body  is  clothed  in  scales,  the 

actual  integument  being  dark  coloured,  the  delicate  scales  grey,  bufl> 

Fig.  2S8.— BKAt'HYASPISTKS  TIBIAU8 
K  5.    [I.  M.  N.] 
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fruits,  the  sweet  potato  weevil,  tubers,  the  cane  weevil  the  roots,  the 

cotton  stem  weevil,  palm  weevil  and  jute  weevil  the  stems,  while  the 
white  and  green  weevil  eat  the  leaves,  and  the  rice  and  wheat  weevils 

stored  grains.  The  enemies  and  checks  of  these  insects  are  little  known ; 

parasitic  insects  check  the  larvae  and  the  weevils  are  probably  des- 

troyed by  birds  and  by  predaceous  insects. 

The  family  is   one  of  the  largest,  and  though  many  species  are 

known,  no  thorough  account  of  the  group  is  in  existence.    They  occur 

Fig.  261.— A.  H^l'EKA  VAHIABILI8,  B.  MYLLOOBBtB  DIS«  "LOR,   C.   AUlDKb 

IK0PARDP8,  D.     BaLANINCS  C.  AlBCM. 
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in  all  parts  of  the  tropical  and  temperate  regions.  In  India,  the  plains 

fauna  is  rich  in  species,  though  more  are  to  be  found  in  the  submontane 

forest  and  jungle  areas.  The  family  as  it  occurs  in  India  is  being 
described  in  the  Fauna  of  India  by  G.  A.  K.  Marshall. 

The  classification  of  the  CurcuUonidce  is  too  vast  to  be  entered 

into  here.  One  has  but  to  glance  at  the  vast  array  of  groups,  divi- 
sions, legions,  cohorts,  tribes,  etc.,  into  which  the  family  has  been 

divided  to  realise  its  complexity.  A  complete  revision  of  the  family  in 

the  light  of  new  knowledge  will  have  to  be  done  when  the  monographs 

on  the  regional  faunae  are  more  complete.  As  in  other  complex  groups 
of  Coleoptera,  there  seems  to  be  no  immediate  prospect  of  any  thorough 

revision  owing  to  the  complexity  of  the  family  and  its  vast  number 

of  species.  About  1,.500  Indian  species  are  probably  already  described 
or  recorded,  but  an  equal  number  at  least  will  probably  be  added  now 
and  new  forms  are  found  con.stantly. 

Brarhyderince.—Blosyrus  asellus,  Oliv.,  is  a  grey  weevil,  with 
thickset  abdomen  and  elytra,  found  commonly  feeding  on  leaves  from 

August  to  December.  Astycus  lateralis,  F.,  is  the  common  green  weevil 
of  the  plains  of  India,  found  feeding  in  abundance  upon  cultivated  plants. 

A.  chrysorMoris,  Wied.,  is  the  larger  metallic  green  species  common  in 
Assam.  Tanymecm  indicus,  Fst.,  is  one  of  the  many  weevils  which 
are  so  abundant  on  soil  and  eat  young  plants.  It  is  extremely 

common  in  the  Gangetic  plain  and  appears  regularly  twice  in  the  year 
at  the  commencement  of  the  kharif  and  rabi  seasons.  Tanymecus 

eircumdatuB,  Wied.,  is  common  on  plants,  a  delicatfe  green  form  with 

longitudinal  stripes,  and  T.  chloroleums,  Wied.,  is  also  abundant,  uni- 
formly clothed  in  almost  white  scales.  The  genus  is  a  very  large  one, 

with  many  species  in  the  plains.  Their  larvae  will  probably  be  found 

in  the  roots  or  underground  stems  of  plants.  AtmetonychiM  j)eregrinus, 
Oliv.,  is  also  found,  a  gcey  much  roughened  weevil  found  on  young 
plants  (Plate  XXVII,  fig.  10). 

Otiorhynchincp. — Episomua  lacerta,  F.,  is  a  comparatively  large  grey 
weevil  that  has  been  found  in  numbers  on  cotton  plants,  feeding  on 
the  bark  (Plate  XXVII,  fig.  6). 





PLATE    XXVlI.-(\'RcrLioNin* 

Wbevils. 

Fij;   1      Larvn  of  AiPeceius  sp.  (Cotton  seed  weevil.) 

2    1 

Pupa  ,,  „ 

Imago          ,,          ■,  X  *i 

Phj'toscaplius  ti'iaiigulniis  \  .3 
Kpisomus  lucerta.  x  2 

ApoderuH  scutellaris.  x  4 

,,        tranquebaricuN.  x  4 

XanthoctieloB  superciliosus.  x  2 

Atmetonyckus  peregrinuH.  x  2 

,,  ̂  

.,  ••) ,.  10 

„  11 

„  1-' 

,.  I'i 
„  14 

„  15 

„  Ifi 
„  17       Balaiiinu''  Romforrti.      x  6. 

PhylaitiH  i,p,     fCotton  stem  M-eevil),  Ini-va,  pupa,  imago. 
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distinct  closed  chamber.    The  larvae  which  live  exposed  make   a   case 
of  excrement  or  of  gummy  material  derived  from  the  anus.  - 

The  weevils  which  emerge  are 

active  insects,  diurnal  or  noctur- 

nal, feeding  on  leaves  and  other 

parts  of  plants  or  on  plant  sap. 

None  are  known  to  be  predaceous, 

though  at  least  one  is  probably 

so.  The  duration  of  each  stage 

varies  with  the  species.  Some  are 

one-brooded,  hibernating  as  the 
imago  and  passing  long  periods 

in  the  imago  form,  until  they 

are  able  to  lay  eggs  in  the  tissues 
in  which  the  larva?  can  live. 

Others  are  many-brooded,  and 
one  brood  succeeds  another  so 

long  as  food  is  available.  In 

these  cases  hibernation  appears 

to  be  passed  in  the  larval  or 

pupal  form. 

Weevils  have  the  habit  of 

"shamming  dead;"  when  ap- 
proached the  legs  and  antennae 

,    ,,      ,       ,  ,       ,,        ,        ,  ,        Fig.   260. -OlIOIHORDB  LONOIOOIXIS,  IMAOO are  folded  close  to  the  body  and  ^j,„  ,.o(»)on. 
the  insect   drops  to  the  ground. 

This  is  a  valuable  defence,  especially  in  thick  vegetation,  the 

insect  falling  to  the  soil  and  being  extremely  hard  to  find.  Since 

all  are  herbivorous  and  some  abundant,  the  family  includes  many 

destructive  species,  whose  ravages,  especially  in  the  larval  stage,  are 

of  importance  in  Agriculture.  Our  knowledge  of  these  insects  is  slowly 

growing  and  many  yet  remain  to  be  worked  out.  Owing  to  their  con- 
cealed lives  and  to  the  often  nocthrnal  habits  of  the  imago,  they  are 

diflBcult  to  check,  no  stage  being  exposed  to  any  particular  measures 

that  can  be  adopted.  A  few  are  destructive,  not  in  the  larval  but  in 

the  imaginal  stage,  the  weevil  living  for  long  periods  and  destroying 

leaves.    The  mango  weevil,  the  melon  weevil  and  apple  weevil  attack 

'
^
^
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weevils  can  be  found  on  the  plants  in  the  rains.  Atactogaster  finUirmui, 

Fst.  {Leuamiigus  antennaUs,  Fst.),  is  stated  to  be  injurious  to  cotton 

and  gram  in  South  India  (Ind.  Mus. 

Notes,  Vol.  IV,  p.  112).  and  is  a 
common  insect  in  Madras. 

Xantkochelus  nuperciliostis,  Gylh. 

(Plate  XXVII,  fig.  9),  is  the  large 

grey  weevil  found  feeding  abun- 

dantly upon  the  leaves  of  ber  {Zizif- 

phus  jujuba). 

Hylobiince. — Paramecops  farinosa, 
Wied.,  is  the  weevil  so  commonly 

found  on  the  Ak  {Calotropis  spp.). 

It  i.s  greyish  in  colour  but  is  covered 

in  a  white  mealy  efflorescence.  The 

eggs  are  laid  in  the  rind  of  the  Ak 

fruit,  the  little  grubs  boring  into 

the  soft  tissues  and  feeding  on 

the  developing  fibre  and  young 

seeds.     The  full  grown  grub  reaches 

a  length  of  half  an  inch,  and  pupates  in  a  compact  cocoon  formed  of  the 

«felicate  fibre  (known  in  commerce  as  "kapok").  Ten  days  after, 
the  adult  emerges,  and  feeds  on  the  leaves  of  the  Ak  plant.  The 

weevils  are  very  common  and  widely  spread  where  this  plant  grows. 

Cyladince. — Cylas  formicaries,  F. — The  best  account  of  this  insect 
is  found  in  the  Queensland  Agricultural  Journal  for  August  1900  (page 

176).  Mr.  Tryon  there  gives  a  thorough  account  of  the  species,  with  a 

complete  bibliography.  He  discussed  its  origin,  a  matter  still  of 
doubt,  but  as  the  two  first  describers,  Fabricius  and  Bohemann,  both 

obtained  it  from  India,  there  is  some  ground  for  believing  it  to  be  a 

native  of  South  India,  spread  gradually  over  the  tropics.  A  short 
account  of  this  insect  will  be  found  in  Indian  Insect  Pests.  Eggs  are 

laid  on  the  sweet  potato  tuber  or  rootstock,  the  larvae  tunnelling  into 

the  tissues  and  boring  through  them  ;*  pupation  takes  place  inside  and 
the  weevil  feeds  also  on  or  in  the  tuber.  The  stages  are  well 

shown  in  Plate  X  XVI,  and  the  weevils  may  be  found  throughout 

India,  being  often  destructively  abundant. 

Fig.  263.-  Ataotogaktbk 
FINITIMIIS.     fl.  M.  N.l 
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Apionincp. — The  genus  Ajrion  includes  a  vast  number  of  tiny 
beetles  with  straight  antenuse  and  marked  sexual  differences,  found 

almost  over  the  globe.  The  colours  are  black,  brown,  blue,  red  or 

metallic.  A  number  of  Indian  species  are  known,  but  the  discrimina- 

tion of  species  is  very  difficult.  Apion  gaqatmvm,  Mots.,  is  a  common 

plains  species  on  grass.  A.  strohdanthi,  Desb.,  is  described  from  seeds 
of  StrobUanthus  in  fiikkim,  an  unusual  habit  lor  a  member  of  this 

genus  (Ind.  Mus.  Notes,  Vol.  II,  p.  32).  Another  species  lives  in 
the  stems  of  jute  in  India. 

Attelabino'. — The  geuu,s   Apoderus  contains  the  weevils  in  which 
the  head  and  sometimes  the  prothoiax  is   drawn  out  into    a  long  neck 

(Plate    XXVIT,    figs.  7,  8).    These   weevils 

prepare  cases  of  green  leaf  ;  the  leaf  is  cut 

across  near  the  base,  the  cut  reaching   from 

each   margin  to  the  midrib  or  crossing  the 

midrib    from    one   margin    only ;    the   leaf 

is  then  folded  longitudinally,   and   the  tip 

rolled  in  ;    an    egg  is    laid    and  the   rolling 

process  continued  till  the  leaf,    up   to  the 
cut,    forms    a    compact    cylindrical    mass, 

consisting  of  tightly  rolled  and   folded  leaf 
Fig.  264,— Leaf  cask  of  ,  ,    ,         ..   ̂ ,  .     ,,  .  .,, 
ApoDEBUs  BMNLus  blade,  with  the  egg  m  the  centre  ;  no  silk  or 

MAGNIFIED  gum  is  used  and  the  insect  works  with  legs 

and  jaws  in  folding  and  packing  the   leaf  ; 

the  roll  is  left  adhering  to  the  remainder  of  the  leaf,  the  egg  hatches 

and  the  grub  feeds  on  the  leaf  inside  the  roll.    The  roll    subsequently 

dries  and  falls   off   with  the    pupa    inside.     We    figure  the   case    of 

Apoderus  Uandm,  Schonh.,  madeonSissu.    Eggs  laid   on  25th  June, 

hatched  on  the  28th,  the  larvas  pupated  by  the  30th  and  weevils  emerged 

from  the  3rd  to  the  7th  July  ;   the  life-history  is  thus  a  very  brief  one 

and   there   are   apparently   two  broods    during  the  rains,  the  second 

being  a  hibernation  brood  in  which  the  larva  remains  for  the  winter  in 

the  case.    A.  tranquebarirus,  Fabr.,  in  South  India  rolls  the  leaf  of  the 

country  almond  (Terminalia  catappa)  and  the  habit  has  been  observed 

in  a  number  of   species  in  the   sub-tropical  zone   of  India.    Over  30 

species  are  known  in  India,  in  the  genera   Apoderus    AUelabus,    and 

KhtjncMtes. 
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Balanincs. — Balaninus  Bomfordi,  Fst.,  eats  into  the  unopened  buds 

of  the  banyan  tree  and  feeds  on  the  inside  ;  with  their  very  slender 

curved  beaks  they  make  neat  punctures  and  many  buds  wither.  The  larvw 

are  found  in  the  fleshy  receptacles  of  the  fig,  which  they  destroy  so 

that  the  fig  falls  off.  We  figure  this  species,  which  represents  the 

group  in  the  plains,  and  B.  C.  album,  Fabr.,  found  in  Eastern 

Bengal  (Plate  XXVII.  fig.  17). 

Cionince. — Cionus  horfvlnmts,  Fourc,  Var.  major  is  a  "cold  weather'' 
species  in  the  plains,  breeding  only  on  Celsia  coromandelmna  ;  the  shiny 

grubs  feed  openly  on  the  buds  and  look  like  caterpillars  ;  they  pupate 

in  a  delicate  horny  cocoon,  made  of  anal  secretion,  on  the  plant.  There 

are,  as  a  rule,  about  three  broods  yearly  in  Pusa,  from  February  to 

April,  the  weevils  then  seeking  shelter.  They  are  usually  very  abun- 
dant, one  of  the  most  noticeable  of  the  cold  weather  forms.  In  the 

Himalayas  at  7,U00  feet  this  weevil  breeds  on  Celsia  from  May  to 

October.  C.  alhosjmrsus.  Fst.,  has  been  found  in  Bombay  and  others 

occur  in  the  sub-tropical  zone. 

Alcidinm. — A  sub-family  confined  to  the  Old  World  and  mainly 
occurring  in  the  tropics.  It  consists  of  ̂fcirff*  with  242  species  recorded 

up  to  1!<00  and  Accerus  with  one.  The  group  has  been  listed  by  Bovie 

(Genera  Insectorum  1907).  Of  the  former  26  species  are  Indian. 

The  species  of  which  anything  is  known  have  been  reared  from  larvro 

boring  in  the  shoots  of  plants.  Alcides  leojiardus,  01.  (Fig.  2fil),  is  the 

species  most  commonly  found,  known  throughout  the  plains :  its  larva 

bores  in  the  shoots  of  cotton,  destroying  them,  and  pupating  in  the 

tunnel  near  the  bark.  The  pupal  period  is  short  (4  days)  and  the  weevil 

rests  within  the  tunnel  for  some  days  after. 

A.  collaris,  Pasc.,  is  a  larger  species,  the  prothorax  red-brown,  the 

elytra  black  with  white  spots,  which  is  found  in  sweet-potato  fields  in 

the  plains.  A.  fabricii,  F.,  has  reddish-brown  elytra  with  cream  stripes, 
and  a  black  and  cream  coloured  prothorax  ;  it  has  been  fpund  in  widely 

scattered  localities.  A.  Inibo,  F.,  is, the  weevil  whose  larva  breeds  in 

Agathi  (Sesbania)  in  South  India  and  is  a  serious  pest.  Its  eggs  are 

greenish  white,  flattened  and  of  nearly  round  outline,  laid  in  holes  in 

the  stems  of  the  young  plants  and  covered  with  gelatinous  material- 
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The  life-history  occupies  six  weeks  ;  many  larvaj  are  found  in  the  same 

plant,  which  dies,  and  the  loss  in  young  plants  is  extensive. 

CryporhjnchincB. — Pachyoni/x  quadridem,  Chevr.,  is  found  breedhig 
in  the  dhak  plant  (Butea  frondom)  in  Northern  India.     Crijptorhynchm 

contains  the  mango  weevils  of  India, 

of  which  C.  gravis,  Fabr.,  is  the  com- 

mon form  in  Eastern  Bengal  and 

Assam,  C.  mangiferm,  F..  in  South 

India  and  Ceylon.  Both  breed  in  the 

stone  of  the  mango,  the  eggs  being  laid 

in  the  young  fruit,  the  larva  on 
maturity  eating  through  the  pulp 

and  emerging  to  pupate  in  the  soil. 

There  is  but  one  brood  yearly  of 

j      J'        '^9^'        "^v  the  former  and    the   weevils  remain 
dormant  from  July  or  August  to  the 

following  March— April  in  concealment 
in  the  ground  and  in  or  on  the  bark 
of  trees. 

ng. 265.— OllVPTORHYNOHOS 
GRAVIS. 

Desmidophorm  contains  several  sub-tropical  species,  D,  hebes,  Fabr., 
also  occurring  in  Behar,  where  it  is  occasionally  found  in  abundance 

on  garden  Hibiscus. 

Zygop-ince. — Phwnomerus  sundevalli,  Bch.,  is  a  small  linear  beetle, 
resembling  an  elongate  rice  weevil,  found  in  the  plains.  Metialma 

indude**  two  species,  M.  srem'ca,  Pasc.  and  M.  bahamince  Pasc,  the 
latter  having  been  reared  from  larvae  found  boring  in  the  stems  of 

balsams  :  the  larva  tunnels  in  the  soft  tissues  and  pupates  in  a  cocoon 

formed  of  fibres  twisted  into  an  oval  shape. 

We  figure  a  Phylaitis  (Plate  XX  VII),  common  in  the  stems  of  mal- 

vaceous  plants,  which  attacks  cotton  severely  and  specially  tree  cottons. 

It  was  a  serious  enemy  to  tree  cottons  in  Behar  and  is  destructive  in 

South  India,  the  larva?  boring  in  the  stems,  forming  a  thick  swelling 

and  eventually  so  weakening  the  plants  that  they  break  off  or  die.  Its 

distribution  appears  to  be  a  limited  one,  as  it  is  not  a  widespread  pest 
of  cotton. 
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Cerciiocerus  bimaculatus,  Boh. ,  is  a  black  species  in  which  the  antenti  sc 

have  a  very  expanded  truncate  club  ;  it  is  found  rarely  in  tropical  India. 

This  family  also  includes  the 

large  forms  such  as  Ci/rtotracke- 
lus  dux,  Boh.,  &  C.  lonqipes 

found  in  sub-tropical  India, 

which  are  the  most  striking 
Curculionids  of  the  Indian 

fauna.  In  the  latter  the 

male  has  very  long  forelegs  ; 

they  feed  on  the  juice  of 
bamboo  shoots  and  the  eggs 

are  also  laid  there,  the  larva* 

tunnelling  in  the  shoots  and 

making  the  usual  fibrous  cocoon  of  this  group. 

Fijr,  26S.  -RHVNCHOPHORDS  FKRUUtllNEUH 

TARVA. 

Fig.  289,  -Rhvnohophokus  kkbruginkus.    |I.  M.  N.] 

Collecting.— Weevils  are  simply  collected  on  their  foodplants  and  re- 

quire no  special  methods.    The  rarer  species  are  obtained  by  "  beating" 



390 OOLBOPTERA. 

C(dandrince. — Bhynchophorm  includes  the  common  Palm  Weevil  of 

India  R.  ferrugineux,  F.  (7?.  nignaticollis,  Chevr.),  which  breeds  in  the 

toddy  palm  (Phwnix  syhestris)  and  in  the  cocoanut  palm  {Cocos  nucifera). 

The  eggs  are  laid  in  the  soft  tissues  at  the  base  of  the  leaf  sheath,  at  a 

wound  or  at  the  cut  made  by  the  toddy  drawer  ;  the  larvae  tunnel 

through  the  tissues  in  all  directions  and,  when  mature,  make  a  cocoon 
of  twisted  fibres.  This  insect  is  one  of  the  more  important  pests  of 

India  and  much  has  been  written  of  it  in  Ceylon  where  it  is  of  still 

greater  importance.     (Figs.  2(»8.  269.) 

Fig.  266.— Calandra  orvzjE. 
X  10. 

Kig.  '.W.— Calankka  okvz*.     x  10. 

Calandra  (Sitophilus)  is  a  genus  of 

two  species  of  world-wide  occurrence. 

C.  granaria,  L.,  is  of  a  uniform  deep 

redbrown  colour,  the  prothorax  with 

oblong  punctures :  the  metathoracic 

episternum  is  very  narrow  with  a 

single  row  of  punctures.  It  is  wingless. 

C.  ori/zcr,  Linn.,  has  two  fulvous 

patches  on  each  elytron,  the  punctures 

on  the  prothorax  are  rounded  and 

closer  together,  the  metathoracic  episternum  is  wider  and  has  two 

rows  of  punctures.  It  is  winged,  the  weevils  flying  readily.  The 

latter  is  the  common  Indian  species,  of  which  much  has  been  written, 
but  little  is  known. 

Odoiporm  glabricollis,  Gyll.,  is  the  common  weevil  whose  larva 

breeds  in  the  stems  of  the  plantain  (Musa  safietUum)  The  black 

weevil  is  to  be  found  on  or  in  the  plant'  and  is  quite  common.     (Fig.  260.) 

Polytus  mellerborgii,  Bh.,  is  a  tiny  dark  coloured  weevil  found  breed- 
ing in  decaying  plantain  stems. 
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bushes,  and  it  is  advisable  to  remember  that  they  often  sham  dead 

and  fall  to  the  ground  when  the  plant  is  shaken.  Larva?  are  to  be 

found  in  every  possible  part  of  the  plant  and  practice  enables  the  col- 
lector to  discern  swollen  twigs  or  branches  in  which  larvae  are  found. 

They  are  not  difficult  to  rear  and  almost  any  part  of  a  plant  is  worth 

investigating  for  weevil  grubs.  The  rarer  species  are  obtained  in  this 

way  and  there  is  no  better  collecting  method  than  to  search  systema- 

tically among  wild  plants.  Benzene  is  the  best  killing  agent  and  the 

weevils  keep  well  until  required  to  be  set. 

BBENTHIPyE. 

AntenncF   straight,    mnr   or   ele^^en-joirtted.    A    horizontal   rostrum, 
mualhf  long.    Tarsi  pilose  below.     Body  elongate. 

A  family  closely  allied  to  the  Curcuhonids  but  usually  of  more 

elongate  and  linear  form.  They  are  usually  bare,  shining,  of  dull 

browns  and  ferruginous  tints.  The 

males  in  some  cases  have  large  curved 

mandibles  or  expanded  and  toothed 
fore  femur  and  tibia.  The  habits  of 

but  few  are  known  and  none  of  these 

appear  to  be  Indian.  In  general,  they 

are  wood-boring  or  found  in  decaying 

wood.  They  are  chiefly  tropical  and 

well  represented  in  the  forests  of  the 

East.    There  arc  two  sub-divisions  : 

Antennop  eleven-jointed.   Brenthince 
„  nine        ,,  Uhcenncp. 

There  are  about  twenty  recorded 

Indian  species,  but  the  family  has  been 

greatly  neglected.  Several  species 

are  common  in  the  plains,  in  some 

of  which  there  appears  to  be  a  consi- 
derable amount  of  sexual  differentia- 

tion in  respect  of  the  head  and  rostrum.  The  family  is  listed  by 

Von  Schonfeldt  in  Genera  Insectorum  (1908),  who  enumerates 

JO   species   from   India   exclusive    of  Burmah  and  Ceylon,  the  small 

Pig.  270.  -Orychodes  sp.   X  4. 
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number  of  species  recorded  being  apparently  due    to   errors    of  geog- 
raphy in  the  earliest  describcrs  of  species. 

Cahdromus  Mellyi  Guer.,  Callipareim  foveatus  Senna,  Cerohates 
canalieulatus  Mo.,  Symmorphocerus  cardoni  Senna,  Prophthahnus 
delesserti  Pow.,  P.  obsrunm  Pow.,  P.  potens  Lac,  Baryrhynchiis  miles 
Boh.,  Eupsalis  truncatus  Boh.,  Orychodes  pusittits  Oliv.,  are  the  known 
Indian  species. 

ScOLYTIDiE. 

Rostrum  short  or  absent.     Ardennce  short,  elbowed,  clvbbed.     Tarsi 

apparently  four-jointed,  filiform,  third  joint  entire  or 
bilobed,  not  elongated. 

A  family  closely  allied  to  some  of  the  Curculionidsp  in  structure 
but    distinct  in  the  almost  total  absence  of  the  rostrum  and  in    their 

Pijr.  271.— Xylbbobps  fornI('4TUS    [I.  M.  N.]. 

habits.  Most  are  elongated  and  cylindrical,  of  small  size  and  of  the 
dull  brown  or  black  colour  common  to  beetles  which  live  in  darkness. 

The  antennae  are  short,  sometimes  with  twelve  joints  (funicle  1,  scape  7 

club,  4),  sometimes  with  as  few  as  three.    ̂ Fig.  193.) 
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Owing  to  their  peculiar  habits  a  great  deal  has  been  learnt  of  these 

insects  since  they  are  of  extreme  importance  in  forestry.  Nearly  all 

are  borers  in  woody  tissues,  but  few  living  in  green  tissues  (the  Sco- 
lytid  that  bores  in  the  shoots  of  the  common  plant  Vtnca  rosea,  in  the 

Western  Hemisphere  does  not  seem  to  occur  in  India  though  the  plant 

does).  Owing  to  the  destruction  thoy  cause  in  forestry,  the  group  has 

been  extremely  carefully  studied  elsewhere  and  the  student  will  find 

full  details  in  works  on  the  forest  insects  of  America  and  Europe. 

Their  peculiar  habits,  especially  in  regard  to  sex,  some  being  poly- 

gamous, some  monogamous,  the  extreme  ingenuity  of  their  system  of 

tunnelHng  and  the  fact  that  in  some  their  food  consists  not  of  wood  but 

of  the  fruiting  btodies  of  certain  fungi,  which  they  themselves  (hence 

called  ambrosia  beetles!  cultivate  with  care,  makes  them  a  group  of 

especial  interest.  They  are,  however,  practically  wholly  forest  insects, 

and  occur  almost  entirely  in  the  su})-tropical  hill  forest  areas  of  India. 
No  species  are  of  agricultural  importance,  and  tlie  tvpical  wood  and 

bamboo  borers  of  the  i)lain8  are  Bostrirhidw  and  not    Scoli/hdcp. 

The  family  include  monogamous  species  and  species  which  are 

polygamous;  in  the  first,  the  lemale  pn pares  a  bore,  then  goes  out 

and  returns  with  a  mate  and  subsequently  makes  tunnels  at  right  angles 

to  her  original  bore  :  each  tunnel  contains  an  egg  and  the  male  remains 

in  the  original  tunnel.  Such  tunnels  may  be  in  one  plane,  since  there 

is  only  one  branching,  and  they  may  be  contained  in  the  bark  only.  In 

polygamous  species,  the  male  makes  the  first  burrow,  the  females 

gathering  in  it  and  each  making  a  tunnel  from  it ;  from  these  they  make 

other  tunnels,  m  each  of  which  eggs  are  laid.  Of  these  tunnels,  some 

must  be  horizontal  and  some  vertical  and  they  extend  into  the  wood  since 
the  narrow  bark  will  not  accommodate  them.  Thus  in  the  first  case, 

the  borings  are  simple,  only  a  coupling  burrow  (made  by  the  female) 

and  larval  burrows  at  right  angles  (the  larvae  on  becoming  beetles  bur- 

rowing straight  out  to  the  bark) ;  in  the  second,  they  are  complex  and 

consist  of  the  coupling  tunnel,  the  mother  tunnels  at  right  angles  each 

made  by  one  female,  and  at  right  angles  in  another  plane  the  egg- 
tunnels  ;  the  system  become  so  complex  that  air  holes  may  be  made 

to  the  bark  by  the  mothers.  In  the  different  species  the  tunnels  vary 

and  the  individual  kinds  are  too  complex  to  be  noticed  here. 
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The  life-histories  of  many  species  are  known  and  something  is  known 
of  Indian  species.  Works  on  forest  insects  must  be  consulted  for 

details.  The  chapter  on  Scolytidse  in  Gillander's  "  Forest  Entomo- 

logy "  (J1K)8)  should  be  consulted  as  giving  an  excellent  resum6  of  the 

family.  Over  50  '  Indian '  species  have  been  described  by  Motschulsky, 
Rlandford,  Eichhoff  and  others. 

The  family  is  divided  into  two  according  to  the  tarsi : — 

First  tarsal  joint  shorter  than  the  remainder  together     ..     Scolytina: 

First  tarsal  joint  -=  the  remainder  . .  . .     Plati/pinrr. 

The  Scohjtinw  are  divided  into  three  sub-families,  Sroh/tini,  Hyle- 
Hini,  Tomicini  ;  all  are  represented  in  Indian  forests.  We  may  mention 

Xyleborns  perforans,  Woll.,  reported  some  years  ago  as  attacking  beer 

casks  in  India  and  which  is  known  to  live  in  sugar-cane  in  the  West 
Indies,  where  it  however  attacks  only  diseased  cane.  The  mother 

beetle  makes  a  tunnel  in  which  she  lays  eggs,  the  larvae  feeding 

on  fungus  hyphse  in  the  cane  and  not  boring  themselves.  (See  Bland- 
ford,  Kew  Bulletin,  September,  189(),  April,  1892.)  X.  formcatus,  Eichh., 

attacks  tea  in  Ceylon  (Indian  Museum  Notes,  ill,  T)?),  and  Assam  ;  its 

presence  is  associated  with  a  fungus  and  there  is  reason  to  believe  it  is 

also  an  "  ambrosia  "  beetle,  cultivating  the  fungus  for  its  own  food 
and  for  that  of  its  larva".  Of  the  Platypinw,  PlatydactijcJm  (Ecrotop- 

terus)  sexspinosus,  Motsch.,  was  reported  as  burrowing  in  the  stalk  of 
rice  in  Burmah.  This  observation  has  not  been  confirmed.  The 

species  is  described  by  Blandford  in  Indian  Museum  Notes  (IIJ,  p.  (54). 

Phtjipus  pilifrom.  Chap. ,  and  P.  sordidm,  Wlk. ,  occur  in  the  plains.  The 

PlatypincF  are  in  some  cases  known  to  be  ambrosia  beetles. 

Stylopiu^.. 

These  aberrant  Coleoptera  are  of  uncertain  position.  We  are  not 

aware  that  any  are  definitely  recorded,  but  Home,  in  his  notes  on 

the  habits  of  Indian  Aculeate  Hvmenoptera.  states  that  many  females 

of  Polistes  hebrceus  contain  Sti/lops  in  the  second  abdominal  seg- 

ment It  is  recorded  that  the  genus  Polistes  is  the  host  of  Xenos,  a 

genus  in  which  the  female  is  wingless  and  larviform,  the  male  winged 

and  active  ;  that  Xenos  occurs  in  Polistes  hebmm  in  India   has   been 
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ascertained  recently,  the  male  wasp  showing  the  pupal  cocoon  project- 
ing from  its  abdomen,  as  a  brown  body  which  on  dissection  proved  to 

contain  a  dead  male  of  Xenon.  The  hibernating  females  are  also  in- 
fested and  in  March,  the  female  Xenos,  in  the  body,  yields  abundant 

small  active  larvro  which  apparently  pass  from  the  queens  to  their 

young  in  the  new  nests.  The  first  brood  of  wasps  is  thus  infected  and 

from  them  males  have  been  reared.  The  female  is  a  mere  egg-pro- 
ducing sac  which  lives  always  in  the  wasp  and  is  fertilised  there  by 

the  male,  which  is  winged.  Infection  occurring  thus  in  the  nest, 

there  is  apparently  a  constant  succession  of  broods  ;  some  wasps  con- 
tain as  many  as  three  Xenon,  which  in  their  mature  or  pupal  condition 

are  leadily  visible  as  brown  bodies  attached  at  the  junction  of  two 

abdominal  segments,  This  Xenos  appears  to  be  a  marked  check  on 

Polistes  hebrcms.  a  large  percentage  being  infested  in  some  cases. 

Pig.  272.— Male  of  xenos  from  i'Olistbs 
HEBRiBUS.      X  12. 
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J     d.    Itonrtty*  won,  'ind  iwttwf  (^ottfeycidiB). 

"  13.'  iir»«iii<MM**<N«*****>- 





LEPIDOPTERA. 

(Butterflies  and  Moths.) 
Two  pairs  of  large  wings,  of  nearly  equal  size  ;  the  body  and  wings  densely 

clothed  In  hairs  and  scales.  Antennae  of  varied  form,  usually  simple, 
with  a  varying  arrangement  of  cilia,  never  serrate  or  lamellate  or 
bristle.ehaped  Mandibles  absent  (except  MIcropterygldae).  mouth- 
parts  In  the  form  of  a  tubular  proboscis  and  palpi 

Metamorphosis  complete,  the  larva  with  short  biting  mouthparts.  with 
two  to  Ave  pairs  of  suckerfeet,  adapted  to  living  openly  on  plants  or, 
more  rarely,  In  them.  The  imago  obtains  its  food  from  flowers  or 

plant  snp,  the  larva  is  herbivorous  on  or  in  plants,  very  rarely  pre- 
daceous  in  a  large  number  the  imaginai  life  is  brief  and  no  food  is 
taken;  In  others  It  Is  longer;  In  all,  the  larval  life  Is  comparatively 
long  and  active, 

Lepidoptera  are  recognisable  readily  in  practically  all  stages  and 
the  characters  are  sufficiently  distinct.  They  include  insect/S  of  small 
size  as  well  as  insects  with  an  enormous  wing  span,  though  of  no 
great  weight.  The  immense  weight  of  chitin  which  characterises 
the  giants  among  the  beetles  is  here  replaced  by  an  extensive  wing 
area,  so  large  that  some  of  the  largest  moths  measure  as  much  as 
eight  to  twelve  inches  across  the  wings. 

There  is  a  far  greater  uniformity  of  structure,  facies  and  appearance 

in  this  order  than  in  any  other  and,  except  in  cases  where  members  of 
other  orders  are  deliberately  mimicked,  there  can  be  no  doubt  as  to  the 

immediate  recognition  in  the  field  of  a  butterfly  or  moth  both  in  the  lar- 
val, pupal  and  imaginai  stage.  Eggs  are  of  three  main  types,  the  upright 

domeshaped  butterfly  egg,  the  rounded  moth  egg,  the  flat  scale-like  egg 
of  the  Microlepidopteron,  the  first  two  being  often  sculptured,  the  last 

reticulate.  Larv©  are  of  one  type,  with  a  distinct  head,  with  three 

pairs  of  legs  and  from  two  to  five  pairs  of  suckerfeet,  with  a  chitinous 

plate  behind  the  head,  with  a  number  of  chitinous  tubercles  on 

each  segment,  which  bear  hairs.    It  is  impossible  to  give  characters  by 
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Pterothrysanidcp,  Endromidw,  Chrysopolomidcp,  Arbelida;  Perophorida, 

Ratardidce,  etc.  (3)  The  Jugum,  a  membranous  or  spine-like  process  from 
the  base  of  the  hind  edge  of  the  forewing,  passing  under  the  hindwing 

and  holding  it  between  the  jugum  and  forewing ;  found  in  Hejdalido'  and 
Microfterygidm. 

Classification. — It  is  unfortunate  that  no  uniform  system  of  classi- 

fication has  yet  been  universally  adopted  which  can  be  readily  followed 

in  all  systematic  works  and  text  books.  For  the  Indian  student,  it  is 

necessary  to  remark  that  we  are  unable  to  follow  the  classification 
and  order  of  the  Moth  Volumes  of  the  Fauna  of  India,  since  the  author 

is  now  producing  a  revised  classification  which  must  sooner  or  later  be 

adopted  in  the  Fauna  of  India  Volumes.  For  the  present  time,  it  would 

be  more  convenient  to  follow  the  Fauna  ;  a  year  hence  the  later  classifi- 
cation may  have  replaced  it  and,  in  this  dilemma,  we  have  followed  the 

order  of  the  new  classification.  (Hampson,  Catalogue  of  Lepidoptera 

Phalapna?,  Vol.  1.)  This  is  also  confusing  as  it  is  not  the  order  followed 

in  Sharp's  Insects ;  but  we  have  tried  to  reduce  the  inconvenience  by 
listing  the  new  order  with  page  references  to  the  Fauna  of  India  Volumes. 
It  is,  however,  desirable  to  retain  the  old  division  of  Butterflies  and 

Moths  and  we  have  done  so.  (In  the  list,  families  named  in  italics  are 

not  known  in  India. ) 

1.  SyntoraidiD. 

'2.  Arotiidtc. 

3.  AgaristidcD. 
4.  Nootuidii). 

5.  Pterothysanidse, 

6.  LymantriidK, 
7.  HypsidGB 

8  Sphingidee. 

9,  Oymatophoi-idui. 
10.  Gupterotidffi. 
It.  Notodontidic. 

13.  Oeometrida;. 

13.  Saturniidw. 

14.  BombycidR. 
15.  BraihioieidiB. 

16.  Gtratommpida'. 

No, 

in 
24 

25 

26 

21 

22 

23 

.') 

7 

4 

6 

30 
1 

3 

2 

Vol. 

I.  p.  20H. 
li.  p.  1. 
II.  p.  UH. 

II.  p.  160. 

I,  p.  4.%. 

I,  p.  432. 
J,  p.  495. 

I,  p.   65. 
I,  p.  177. 
I.  p.    41. 

I,  p.  124. 
Ill,  p.  138. 

I,  p.    12. 

I,  p.   31. 
1,  p.    29. 

No. 
18. 

19. 20. 

21, 

22. 

23. 

24. 
2.';. 

26. 27. 

28. 
29. 30. 

31. 32. 

17.  Uraniidn. 27-28-29    III,  p.  107  1.37.    U. 

PsychHa'. H«l,«rogynidif. 
Arbelidui. 

Argyrotypiiiii- . 
Ratardidu*. 
CoBsidiB. 

Laaiocaiiipida:. 

EndromidO', 

Chryaopolomid»' 
PerophoriUo'. 
MegaXopy(jldw. 
Limacodida;. 

VaJceyidce. 
NeocastniidiG. 

Oattniida:. 

Nynphalida).    Butter 
iliea 

Satyridec. 

19 

Vol. 

I,  p.  289. 

I,  p.  314. 

I.  p.  493. 

I,  p.  304. 
1,  p.  402. 

I,  p.  371 

12a    IV,  p.  471. 
1. 

I. 
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No. 
Vol. 

No, 

Vol. 

35.  Pieiida'. 
Butter- 

1 

flies. 
11. 

'  44.  Thyrldldffi. 18 

I,  p.  352 36.  LycKiiidic. 
„  11,111. 

;  45.  PyralidiK. IV,  p.    1. 
Xi.  Ericinidn'. 

.. I. 

!  46.  Orneodidas. 

38.  Papilionidffi. 

,, 

11. 

47.  Pterophorida,'. 
39.  HesperiidK. „ III. 

48.  Se«iida'. 8 
I,  p.    187 

40.  Evtrhrnnoniilir , 49.  Toi'tricida;. 

41.  Zyg-iCiiidu;. 
11 

I, 

1.  228. 50.  Tinoidw. 

42.  CalUduIida!. 1« 

1.1 

J.  322. 51.  Hepialida!. 15 
I,  p.  316 

43.  Urepanida'. 17 

I.I 

).  .S26 
52.  Min-npttryida- 

Wc  give  the  diagnosis  of  each  family  in  terms  of  the  venation  as  in 

Hampson ;  but  it  is  not  possible,  unless  one  already  knows  the  venation 

well,  to  simply  use  this  diagnosis ;  to  the  systematist  familiar  with  the  tenns 

used,  the  diagnosis  is  useful  for  reference ;  to  the  general  student  nothing 

but  careful  study  with  the  Fauna  and  Catalogue  of  Lepidoptera 

Phalsense  will  make  this  diagnosis  of  any  use  and  wt  refer  the  worker  who 

wishes  to  identify  specimens  to  these  volumes.  For  this  reason  also 

we  give  no  explanation  of  the  venation  or  terms,  since  the  whole  art  of 

using  them  depends  on  a  knowledge  of  the  interpretation  put  on  them  by 

systematists,  which  is  quite  different  from  that  of  ordinary  people. 

Fig.  ■?7.1.-Vg!»ATl0li  OP  Cossiu  roRitwiNO, 
HEPIAUnUINIlWINH. 

(Afltr  Hampton.) 

Fig.  274.  -Vknatiok  of  LunnopiiKA. 
(After  Humpmn.) 
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which  one  may  recognise  every  form  of  larva,  but  it  will  assist  if  we 

mention  some  of  the  more  prominent.  Caterpillars  with  rows  of  spiny 

processes  (Plate  XXVIII,  fig.  1)  are  NymphaJidcp ;  rather  flattened 

"  onisciform  "  larvae,  densely  clothed  in  short  hair  are  Lyccenidcp  (Plate 
XXXII),  smooth  caterpillars  with  a  distinct  neck  &xe  Hesperiidoe  (Plate 

XXXIII),  smooth  caterpillars  with  smooth  processes  on  the  head  or  body 

Are  Pajyilionidcp  ,■  uniformly  hairy  caterpillars  are  Arctiidcp  orEujAerotidcp. 
smooth  caterpillars  with  few  short  hairs  are  Noctuidce  (Plate  XXVIII, 

figs.  2 — 5) ;  semi-loopers  are  also  of  this  family  (Plate  XXVIII,  fig.  13), 
whilst  true  loopers  with  two  pairs  of  suckerfeet  are  Geometridtp ;  large 

caterpillars  with  an  anal  horn  or  a  bulbous  prothorax  (Plate  XXVIII, 

fig.  6)  are  SphingidcF ;  hairy  caterpillars  with  erect  tufts  are 

Lymantriidcp  (Plate  XXVIII,  fig.  8),  with  lateral  tufts  are  Lagiocampidce 

(Plate  XLVI).  Caterpillars,  smooth  or  spiny,  in  which  the  lower 

surface  is  a  gliding  surface  are  Limcuodido'  (Plate  XXVIII,  fig.  10). 
Smaller  caterpillars  with  few  short  hairs  and  hooks  on  the  suckerfeet  in 

a  circle  are  Pyralidre  (Plate  XXVIII,  fig.  7),  Tineidcr  (Plate  XXVIII, 

fig.  10)  or  Toiffw-trfcp  (Plat«  XXVIII,  figs,  il,  12).  Large  caterpillars 
with  hair-bearing  processes  are  Saturmidcc  (Plate  XIJI).  Figures  of 
all  these  types  are  given  below,  and  a  glance  through  the  figures  will 

show  that  there  are  distinct  types  but  that  they  do  not  clearly  dehmit 

the  families  as  other  characters  do,  and  vary  very  greatly  in  the  limits 

of  a  large  family  like  Noctuidce  in  accordance  with  habits. 

The  pupa  is  brown,  the  appendages  usually  firmly  fastened  to  the 

body  and  not  free,  the  parts  not  movable  with  the  exception  of  some  of 

the  abdominal  segments ;  an  important  character  is  the  nature  of  the 

hooks  at  the  apex  of  the  abdomen  which  secure  the  pupa  in  the  co<  oon 

and  enable  the  moth  to  emerge.  Resistance  to  weather  is  the  object  of 

the  Lepidopterous  pupa  and  it  is  of  a  firmly  chitinised  and  well  protected 
kind.  As  a  rule,  a  cocoon  of  silk,  alone  or  with  extraneous  matter,  or  of 

agglutinated  soil,  is  formed  before  pupation. 

There  are  three  devices  in  the  imago  for  locking  the  wings,  both  pairs 

being  functional  in  flight.  (1)  The  frenulum,  a  stiff  bristle  or  group  of 

hairs  on  the  base  of  the  anterior  margin  of  the  hind  wing  which  engage 

in  a  catch  or  group  of  bristJte  {retinaculum)  on  the  lower  surface  of  the 

forewing  ;  this  is  found  in  most  Lepidoptera.  (2)  Expanded  basal  area 

of  anterior  edge  of  hindwing ;  found  in  Rkopalocera ;  Laaiocampidw, 
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RHOPALOOBRA.— ^««^r^i>«. 

Day  flying  insects,  the  antennae  knobbed  at  the  tip.    No  frenulum, 
the  costal  nervure  arched  at  the  base. 

The  butterflies  are  familiar  to  everyone  from  their  large  size,  their 

bright  colours,  their  sunshine-loving  habits.  Whilst  most  are  clearly 
distinct  from  the  moths,  these  distinctions  are  not  easily  defined,  and  the 

fundamental  distinction  lies  in  the  wings.  In  Rhopaioeera,  the  hindwing 

has  a  projecting  shoulder  at  the  base,  which  fits  under  the  forewing,  thereby 

securing  the  rigidity  of  both  wings  together.  This  fact  can  be 

expressed  by  saying  that  the  costal  nervure  is  arched,  as  it  is  to  support  this 

shoulder.  In  Heterocera,  the  wings  are  held  together  by  the  frenulum, 

a  bristle  or  tuft  which  projects  forward  from  the  hindwing  and  fits  into 

a  pocket  on  the  under  surface  of  the  forewing,  or  the  jugum,  a  projection 

from  the  posterior  edge  of  the  forewing.  The  costal  vein  is  not  arched 
and  moths  are  said  to  be  frenulate  or  jugate.  The  distinction  between 

moths  and  butterflies  is  a  useful  one  but  hardly  an  accurate  one  and 

there  is  little  need  to  discuss  its  value. 

The  butterflies  are  eminently  a  group  that  love  the  densely  fore-sted 

hills  where  vegetation  is  abundant  and  varied,  where  rain  falls  abundantly, 

producing  a  continual  greenness.  Few  are  found  in  the  dry  cultivated 

plains,  where  foodplants  are  scarce,  where  there  are  long  periods  of  drought 

and  little  shelter.  Those  that  are  of  wide  distribution  are  grass-feeding 

species,  species  that  have  widely  scattered  foodplants  among  the  wild 

shrubs  or  flowering  plants,  or  which  feed  on  a  cultivated  plant.  The 

ideal  place  for  butterflies  is  the  lower  slopes  of  the  hills  well  clothed  with 

forest,  with  a  sul:ftropical  climate  and  an  elevation  not  over  three  to 

four  thousartd  feet.  Here  butterflies  attain  their  greatest  development 

and  few  places  are  richer  than  such  locaUties  in  India.  Fortunately 

these  insects  may  be  omitted  in  this  place.  Our  concern  is  only  with 

the  few  very  common  ones  likely  to  be  found  generally  distributed 

over  the  plains  and  which  are  abundant  in  the  bare  cultivated  areas. 

Almost  all  butterflies  have  a  similar  life-history.  The  eggs  are  laid 

on  the  foodplant,  singly  or  in  clusters.  The  larvae  ha-ve  five  pairs  of 

suckerfeet,  and  feed  openly  on  the  leaf  on  plant  tissue.  Pupation  takes 

place  on  the  plant,  openly,  with  no  cocoon.  The  eggs  are  rounded,  up- 

right, with  the  micropyle  at  the  top  as  in  the  greater  number  of  the  moths. 
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They  are  laid  singly  as  a  rule,  a  few  {e.g.,  Delias  eucharis)  laying  them  in 

rows.  The  egg  hatches,  the  larva  eats  the  egg  shell  and  commences  to 

feed  on  the  living  plant  tissue.  Most  are  solitary,  a  few  (Pierids)  grega- 

rious. Nearly  all  have  the  usual  cylindrical  form,  tapering  a  httle  at  head 

and  tail ;  some  are  fusi-form,  short,  robustly  built  and  unlike  a  caterpil- 
lar (Lyccenida) ;  others  have  a  conspicuous  neck  (Hesperiidw)  and  in 

some  the  head  is  noticeablv  small  (Pteridrp).  The  body  is  clothed 

with  erect  spiny  processes  in  many,  in  others  with  long  procumbent 

appendages,  or  with  long  processes  on  head  or  anal  segment. 

When  full-fed  the  larva  pupates  openly  on  the  plant ;  it  may  simply 
hang  by  the  tail  {Nymjthahda),  or  be  fixed  by  the  tail  with  a  thread 

round  it ;  in  the  latter  case,  it  may  be  horizontal  or  with  the  head  upwards 

(Lycanidcp),  or  hang  freely  in  the  loop,  head  upwards  {Pieridcp  and 

Papihonidce).  Finally  it  may  be  free  in  leaves  rolled  or  drawn  together 

(Hesperndce). 

The  length  of  the  life-history  varies  and  the  number  of  broods  in  the 
year  differs  with  the  species  ;  these  insects  are  dependent  for  their  season 

on  their  foodplant  and  the  caterpillar  is  found  when  the  young  shoots  are 

put  out  or  when  the  young  leaves  are  available.  For  most  this  period 

covers  the  latter  half  of  the  rains  and  two  months  after,  but  many  breed 

also  in  the  early  hot  w  eather,  which  is  the  spring  for  many  plants.  Two 

to  thret  broods  a  year  is  the  most  usual  and  the  imagos  live  for  long 

periods  before  they  are  able  to  lay  eggs.  Hibernation  takes  place  in  every 

stage  even  the  egg  and,  m  the  plains,  many  hibernate  as  imagos.  The 

relative  length  of  the  stages  varies  according  to  the  stage  in  which  hiber- 

nation or  a  stivation  is  passed,  either  of  the  four  being  prolonged.  The 

imago  as  a  rule  is  longlived  and  feeds  upon  the  nectar  of  flowers. 

In  the  plains,  butterflies  are  found  practically  all  the  year  and  most 

are  two  brooded  ;  there  is  a  brood  in  July- August,  produced  by  the  eggs 
laid  in  June  and  a  later  brood  from  the  butterflies  that  emerge  in  August. 

This  latter  hibernates  and  may  live  through  the  hot  weather  if  its  food- 

plant  be  not  available.  The  student  must  bear  in  mind  that  this  does 

not  apply  to  all  the  plains  species,  nor  to  the  group  as  a  whole  ;  some 

plains  species  breed  freely  in  March-May  if  their  foodplant  be  available, 
as,  for  instance,  those  on  irrigated  crops  or  fruit  trees ;  nor  does  this  apply 

to  the  abundant  hill  and  forest  species ;  though  much  is  written  about 
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these,  we  are  not  aware  that  any  author  has  yet  dealt  with  this  point  fully 
for  any  family  of  butterflies  in  India. 

The  butterflies  are  extremely  well  known,  and  far  more  is  written 
about  them  than  other  insects  in  India.  Their  life -histories  have  been 
worked  out  to  a  far  larger  extent  than  have  those  of  other  families  and  a 

great  mass  of  information  exists  about  this  group.  Bingham's  volumes 
in  the  Fauna  enable  every  species  to  be  identified  and  fix  the  nomen- 

clature, we  trust,  for  many  years.  De  Niceville  and  Marshalls'  Indian 
butterflies  gives  an  account  of  the  species  of  the  Indian  region,  and  it  is 

necessary  only  to  deal  here  with  the  species  common  in  the  plains  ;  the 

student  will  find  ample  details  in  the  above  volumes.  For  Pieridce  and 

Papilionidce,  the  second  volume  of  Butterflies  in  the  Fauna  should  be 

used  or  the  many  papers  published  in  India.  A  synopsis  of  the  Hesperiida' 

has  been  recently  published  in  Genera  Insectorum,  but  Elwes  and  Watson's 
papers  and  those  of  Doherty  must  be  consulted.  The  pages  of  the  Jour- 

nal of  the  Bombay  Natural  History  Society  contain  abundant  informa- 
tion and  most  readable  articles ;  the  descriptions  of  caterpillars  by  Bell, 

Davidson,  Aitken,  and  de  Nicc'ville  are  of  extreme  value.  For  descrip- 
tions as  for  all  identification  and  synonymy,  the  volumes  of  the  Fauna 

of  India  by  Bingham  are  taken  as  the  latest  authority  and  these  are  indis- 
pensal)le  to  students  of  this  sub-order,  who  wish  to  be  able  to  identify 
their  specimens.  The  student  should  consult  also  the  late  Mr.  L.  C.  H. 

Young's  papers  on  the  common  butterflies  of  India  in  the  Bombay 
Journal  for  190(5-7,  the  beautiful  plates  of  which  will  enable  him  to 
identify  the  plains  species  of  N i/mphalidfr :  these  are  being  continued  by 
Mr.  T.  R.  Bell. 

For  the  recognition  of  our  few  species,  it  is  unnecessary  to  discuss 

the  fundamental  structural  details  that  underlie  the  family  distinctions. 

There  are  six  families  of  which  one  {Nempobiidm,  Lemoniida,  Erycinidm) 

we  may  omit. 

The  NymphdUcB  have  the  forelegs  reduced  in  both  sexes  and  not
 

used  for  walking.  They  include  the  majority  of  the  butterflies.  The 

Lyccenidw,  Blues  and  Hairstreaks,  are  small  insects,  the  male  tar
sus  of 

only  one  ]  oint,  long.  The  PieridcB,  Whites  and  Sulphurs,  have  all  the  legs
 

similar,  the  claws  biiid  or  toothed.  The  PapilionidcB,  Swallow  Tails, 

are  the  large  butterflies  and  are  distinguished  by  having  all  the  legs  well 

developed  with    large    simple    claws.    The  Heapenidm,   Skippers,   are 
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smaller,  the  antennae  hooked  rather  than   knobbed,    the  body  robust, 

the  flight  quick. 

Students  of  Indian  Insects  who  may  have  made  collections  in  this 

sub-order  will  perhaps  be  surprised  that  so  few  species  are  mentioned ; 

we  may  remind  them  that  we  have  attempted  to  deal  with  every  family 

in  due  proportion  and  were  we  to  discuss  each  family  in  proportion 

to  what  is  known  of  them,  then  the  section  on  this  Sub-order  would  be  a 

very  large  one.  The  species  mentioned  are  literally  those  common  in 

the  cultivated  plains  of  India  and  a  student  who  knows  the  little  there 

is  here  knows  as  much,  relatively,  of  these  insects  as  is  necessary  to  him. 

Collecting. — The  common  species  mentioned  below  are  often  obtain- 

able beat  as  caterpillars  on  their  foodplants;  perfect  specimens  can  then 

be  reared  and  properly  set.  As  with  moths,  specimetis  caught  on  tour 

can  be  put  up  in  triangular  papers  and  packed  in  boxes.  Relaxing  and 

setting  requires  care  and  is  best  deferred  till  a  number  can  be  properly 

relaxed  and  set  at  one  time.  A  little  Acetic  acid  should  be  put  in 

the  relaxing  box  to  avoid  discolouration.  As  with  all  caterpillars, 

"  blowing  '  is  the  best  process  for  preservation.  Except  in  Lyccenidn- 
there  is  little  to  be  done  in  the  plains  compared  with  other  groups  and 

we  would  recommend  no  one  to  devote  time  to  this  group,  beyond 

I'earing  and  becoming  familiar  with  the  common  forms. 

NyMPHALIDiB. 

Forele^gg  reduced,  the  male  wiih   one.   the  female   with   five   tarsal   joinUx 

ivithout  claw.     Pupa  suspended  from  the  tail.     Larva  usualhf  with 

spiny  processes  on  head  and  tail  or  on  each  segment. 

There  is  a  characteristic  facies  in  the  species  of  each  family  except 

this,  which  renders  the  identification  of  this  family  easy  in  the  field,  any 

butterfly   not    evidently    one    of  the    latter  groups,   falling  probably 

into  this  one ;  in  the  few  instances  when  this  fails,  the  legs  must  be 

examined.    Nymphalids  are  usually  large  butterflies  of  bright  colouring 

with  distinctly    sunshine-loving   habits  in  all   but   one   subfamily,  the 

Salyrince.     Many  have  warning  colouring  associated  with  unpleasant 

taste  and  there  is  good  reason  to  believe  that  birds  and  insectivorous 

animals  will  refuse  these ;  others  deliberately  mimic  these,  and  thereby 

escape  the    fate    that    their   edibleness  should   bring  on  them ;  a  few 

have  distinctly  Deceptive  .Colouring  (page  90),  while  the  colours  of  a 
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number  bear  no    obvious   interpretation  in  our  eyes   but  may  have  a 

protective  value ;  it  is   perhaps  unnecessary   always   to   seek   out  the 

Fig.  275.-DA^fAIS  LIMNIACE. 

value  of  the  colour  scheme  in  insects  and  it  would  be  nice  to  think 

that  butterflies  are  simply  beautiful  to  be  beautiful ;  it  is,  however,  at 

the  least  likely  that  with  beauty  is  combined  some  measure  of 

practical  use,  and  we  may  not  unreasonably  believe  that  the  diverse 

colouring  of  most  Nymphalids  blends  generally  with  the  light  and 

shade  of  a  mass  of  vegetation  particularly  when  they  are  regarded  from 

the  birds'  elevation  and  not  from  our  level  on  the  ground.  Thaxter's 
article  in  Transactions  of  the  Entomological  Society,  1903,  p.  553, 

is  worth  perusal  in  this  connection.  Many  butterflies  of  this  family 

exhibit  what  has  been  called  "  bird-misleading  colouration,"  the  large 

distinct  colour-marks  on  the  wings  diverting  the  bird's  aim  for  the  head 
or  body  and  so  enabling  the  pursued  to  escape  with  only  a  bit  taken 
out  of  its  wing. 

The  life-history  so  far  as  known  is  in  general  the  same  throughout 

the  group.  Eggs  are  laid  singly  on  the  foodplant,  the  larva  that 

hatches  feeding  on  the  green  tissues  of  the  foodplant.  While  there 

is  no  definite  means  of  identifying  a  Nymphalid  larva  in  every  case,  the 

majority  are  of  cylindrical  form,  with  a  distinct  head,  the  body  provided 
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Fia.  276.— DiNAIh  LIMNIAIK 

K(.(i 

with  jjrocesses  which  are  usually  branched.    The  pupa  is  suspended 
from  the  hind  end  without  a  girdle.    The   number  of  broods  varies  but 

is  usually    two,   rarely  four  or  more.     The 

remarks  under  the  sub-order   apply  to  this 
family.  Very  few  are  pests ;  Melanitb  isniene 

Cram,  on  rice,  Ergolis    tnerione  on  castor, 

and  very   rarely  Junonia  (dmana  in  swarms 

of    other    caterpillars    are    the    only    ones 

known.    Like  other  l^epidoptera,  these  suffer 

from  the  attacks  of  parasites,  both  Hymenoi)- 

terous   and  Dipterous,    and   the    principal 
check    on    their     increase,     next    to    food 

supply,  is  this  factor.    It  is  difficult  to  rear  any  species  without  getting 

parasites. 

The  family  is  divided  into  six  sub-faniilies,  which  need  not  be  noticed 

here  as  so  few  of  the  many  sjiecies  come  within  the  limits  of  our  fauna. 

The  student  will  find  fuller  details  in  Bingham's  volume  of  the  fauna  of 
India  or  de  Niceville's  volumes. 

Danaince.  Danais  is  perhaps  the  most  conmion  genus,  with  three 

species  found  throughout  the  plains  m  suitable  localities.  Like  Euplwn, 

the  male  has  two  protrusible  brushes  of  hair  at  the  apex  of  the  abdomen 

and  a  pouch  on  the  hind  wing,  connected  with  the  production  of  scent. 

Danais  jdexippun.  Linn.,  is  discussed  by  de  Niceville  as  I),  getiutia, 

Cram.    The  butterfly  is  figured  there ;  it  is  orange-brown,  with  black  mar- 

Fig.  277.— Danais  PLftxiPPUS  fulujbown  i,arva. 

gins  containing  white  spots,  the  veins  heavily  marked  with  black.  Its 

larva  is  black,  each  segment  with  streaks  and  spots  of  white  and  yellow, 
and  there  are  three  pairs  of  black  processes,  on  the  meta-thorax,  third 
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abdominal  and  ninth  abdominal  segments.  Wild  Asclepiads  are  its 

food  and  the  pupa  is  suspended  as  is  usual  in  the  group.  The  pupa  is 

green  with  metallic  silvery  and  golden  spots. 

Dcmais  chrysi'p'pus,  Linn.,  is  similar  the  veins  not  marked  with  black ; 

its  larva   is  grey  with  five  black  and  a  yellow  band  on  each  segment 

and  a  yellow  lateral  stripe ; 

there  are  three  pairs  of  pro- 
cesses, of  which  the  pair  on  the 

meta-thorax  are  the  longer ; 

the  chrysalis  is  light-green  or 

pink,  with  golden  spots  on  the 

anterior  (lower)  end,  and  a 

golden  black-bordered  Une 
round  the  posterior  (upper) 

end ;  the  foodplant  is  the 

common  Ak  {Calotropk  spp).  t>e  Niceville  and  Marshall  speak  of 

this  as  "  the  commonest  and  most  widely  spread  of  all  the  Indian 

butterflies."  In  the  plains  it  is  common  throughout  the  year,  abundant 

especially  in  November. 

Dana  in  Hmniace,  Cram.,  is  black  with  very  faintly  blue  markings 

as  shown  in  fig.   275.    It  is  likely  to  be  confused  with  D.  septerdriunis. 

Fig.  278.— Danais  limniaok  pupa. 

Fig.  279.— EUPUKA  COKE. 



408  LKPIDOPTEBA. 

Butl.,  in  which  the  markings  are  Bmaller  and  bluer.  Its  larva,  which 

has  but  two  pairs  of  processes,  is  yellow-white  with  transverse  black 
bars  and  a  yellow  lateral  line ;  the  pupa  (fig.  278)  is  green  with  golden 
spots  at  the  anterior  end,  and  a  serrate  nietalhc  band  at  the  posterior 
end.  It  also  feeds  on  Calotropis  and  Bell  found  it  on  Dregea  vdubilis. 

Like  the  last  it  is  common  throughout  India  and,  with  it,  one  of  the 
commonest  insects  met  with  in  Indian  gardens.  EwplcBa  is  represented 

by  several  species,  but  one  of  which  is  sufficiently  widespread  to 
deserve  mention  here.  E.  core,  Cram.,  is  dark  brown,  paler  towards 
the  outer  margin  with  a  double  series  of  white  spots  in  this  paler  area. 
The  caterpillar  is  described  as  lilac  above,  deep  brown  below,  with 
transverse  black  bands  to  each  segment ;  there  are  four  pairs  of 

processes,  an  anteriorly  directed  pair  on  the  mesothorax,  and  others 

on  the  metathorax,  third  and  ninth  abdominal  segments.  The  food- 
plants  are  said  to  be  Oleander,  Ficus  bengcdensis,  Ficus  glomeraia  and 

Cryptokjm  paui'iflora.  The  distribution  in  India  is  given  as  "  suitable 

localities  throughout  the  continent.  "  The  male  of  this  species,  if 
captured  living,  will  protrude  the  anal  brushes,  tufts  of  buff  hair  on 

conical  fleshy  processes,  a  pleasant  aromatic  odour  being  diffused  from 
them. 

Satifrince  are  regarded  by  Hampson  as  a  distinct  family,  the  base  of 
vein  12  of  the  forewing  being  dilated  ;  they  include  the  dusky  butterflies 
found  under  trees  which  have  that  curious  flitting  flight  and  the  habit 

of  suddenly  settling  with  closed  wings  and  turning  to  an  angle  with  the  per- 

pendicular, suggesting  a  blowing  leaf.  Mr.  Green  has  remarked  of  one 
that  it  turned  at  an  angle  so  as  not  to  throw  a  shadow.  They  are 

characteristic  insects  and  in  their  habits  clearly  distinct  from  the  sunshine- 
loving  Danainne. 

Mycalesis  includes  the  common  M.  jjerseiui,  Fabr.,  which  is  taken 

to  include  M.  blasius,  Fabr.,  the  former  being  the  dry-season  form,  the 
latter  the  wet-season  form.  The  butterfly  is  a  deep  brown,  with  one 

distinct  and  one  indistinct  ocellus  above  and  with  seven  ocelli  on  the  hind- 

wing  and  two  to  four  on  the  forewing  below,  these  ocelli  being  scarcely 
visible  in  the  dry-season  form,  in  which  the  under  surface  is  darker.  There 

is  a  narrow  fascia  of  purple-white  across  both  wings  and  numerous  white 
lines  on  each  side  of  the  ocelli.    The  arrangement  of  the  ocelli  on  the 





PLATE  XXIX. — Mglanitis  Ismene. 

The  Rice  BurTBRrLt. 

Fij  1  Rggs,  as  laid  on  leftf. 

„  2  Single  egg,  magnified. 
.,  3.  Yonng  Urva. 

„  i.  Fall-grown  larv«,  in  the  day  resting  altitude 
,.  5  Larva  about  to  pupate. 
,.  C.  Pupn. 

7  Empty  pupa  casp. 
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hind  wing  distinguishes  it  from  the  nearest  ally,  M.  minem,  Linn.,  the 
former  having  the  posterior  three  only  in  Une,  the  latter  the  posterior  four. 

The  species  is  widely  distributed  in  India  in  the  plains  in  suitable  localities 

and  is  found  almost  throughout  the  year.  The  larv8B  are  described  by 
Davidson  and  Aitken,  feeding  on  grasses  and  also  on  rice.  Betham 
records  the  attraction  mohwa  refuse  and  jaggery  have  for  these,  as  for 
other  butterflies,  in  India ;  the  attraction  presumably  lies  chiefly  in  the 
spirituous  matter  left  in  the  refuse,  just  as  the  rum  is  the  attraction  in  the 

entomologists  "  sugaring  "  mixture.  We  figure  the  curious  pupa  and 
imago  of  Orsotriwna  tneda,  F.,  found  on  rice  in  the  very  moist  areas  ot 
India. 

Fig.  280.  -OKhOTBKKNA  MKDA, 

PUPA     [F.  M.  H.l  J'ig-  2SI.— Orsothkkna  meda.  LF.  M.  H. 

Lethe  europa,  Fabr.,  is  the  large  dark  brown  butterfly  common  in  the 

plains  of  North  India ;  the  upperside  in  the  male  has  two  white  spots 

on  the  forewing,  in  the  female  has  a  broad  white  oblique  band  ;  in  both 
sexes  there  is  a  series  of  black  ocelli  on  the  lower  surface  of  the  wings 

towards  the  margin,  with  light  lines  on  the  inner  and  outer  margins.  The 

larva  and  pupa  are  described  by  Davidson  and  Aitken  ;  the  former  is 
green  with  a  single  short  horn  on  the  head  and  feeds  on  dwarf  bamboo 

(Journ.,  Bombay  N.  H.  Soc.  V,  p.  350). 

Ypthima  contains  one  widespread  species  (F.  hiibneri,  Kby.)  out  of  the 

22  known  as  Indian,  as  well  as  two  which  occur  in  the  plains,  1.  baldus, 

Fabr.,    and  Y.  inica,  Hew.     They  are  smaller  dusky  butterflies  with 
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yellow  ringed  ocelli  on  the  wings,  and  appear  to  be  common  only  in  the 

moister  parts  of  the  continent.  The  larva  of  hilbneri  is  described  by 

de  Niceville  as  green,  about  one  inch  long,  with  two  divergent  processes 

from  the  anal  segment  pointing  backwards.    It  feeds  on  grasses. 

Melanitis  ismene.  Cram.,  which  is  taken  to  include  Jl/.  leda,  is  the  large 

deep  brown  butterfly  so  common  round  the  trunks  of  trees  ;  two  or  more 

are  commonly  to  be  seen  flying  round  the  trunks  of  large  shady  trees, 

their  dusky  colouring  and  quick  settling  making  them  difficult  to  see. 

The  upper  surface  is  uniformly  coloured  in  brown,  with  two  large  black 

spots  near  the  apex  of  the  forewing  containing  each  a  white  spot  and 

some  ferruginous  marking.  The  under  surface  is  extremely  variable, 

marked  in  tints  of  brown,  yellow  and  ferruginous  and,  especially  in  the 

dry-season  form,  alike  in  almost  no  two  specimens  The  resemblance 

to  a  dry  leaf  is  extraordinarily  close,  and  the  resting  attitude,  with  the 

wings  folded,  the  body  rigid  so  as  to  incline  the  wings  at  an  angle  to  the 

ground,  bears  out  this  appearance.  The  larva  feeds  on  rice  and  grasbes, 

being  green,  rough  and  wrinkled,  with  two  processes  on  the  head  and  two 

on  the  terminal  segment ;  by  day  it  clings  closely  to  the  leaf  of  the  rice, 

and  IS  extremely  difficult  to  find  ;  it  feeds  at  night.  The  butterfly  appears 

to  be  common  throughout  the  plains  and  is  found  through  the  cold  wea- 
ther there  being,  as  a  rule,  two  broods  in  the  year,  the  butterflies  of  the 

second  hving  till  the  following  rains.    (Plate  XXIX.) 

The  Morphmce,  also  known  as  AmathusiincB,  are  large  butterflies 

often  of  great  beauty,  found  wholly  in  the  moist  hill  forest  areas  of  the 

Himalayas,  Assam,  South  India  and  Burmah.  Not  one  species  comes 

within  our  plains  fauna.  The  group  is  a  small  one,  intermediate 

between  Satyrince  and  NymphahncB,  with  1 1  Indian  genera.  Stichel  has 

recently  listed  the  known  species  in  "  Genera  Insectorum. " 

N ymphahncE. — The  largest  of  the  sub -families,  with  the  greater  num- 

ber of  the  plains  species.  They  are  typically  butterflies  found  flying  in 

the  sunshine,  settling  with  the  wings  open  and  usually  of  bright  colour. 

The  larvae  are  cylindrical  and  usually  provided  with  processes  or  spines. 

Charaxes  is  represented  outside  the  hills  by  C.  fainua,  Fabr.,  a  large 

black  butterfly  with  a  series  of  yellow  spots  forming  a  band  across  both 

wings,  with  a  series  of  smaller  yellow  spots  near  the  margin,  and  with  the 



PLATE  XXX.— EuTHAWA  Garuda. 

Fig.  I.  Larva,      x  2. 
„  2.  „       on  leaf  of  mnngo. 

„  3.  Papa. 

,,  4.  Imago.      'Winga  sliown  from  belovr  on  th«  right, 



tUTHALIA  GARUUA. 
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hindwing  produced  into  two  slender  tails.  The  larva  is  figured  by  David- 
son and  Aitken  (Journ.,  Bombay  N.  H.  8oc.  V,  p.  278),  who  found  it  feed- 
ing on  tamarind.  The  student  should  consult  these  excellent  papers  for 

information  as  to  the  larvse  of  butterflies,  and  since  this  publication  should 

be  in  every  Library,  we  have  forborne  from  reproducing  the  figures. 
Equally  the  list  of  foodplants  of  Kanara  butterflies  in  the  Transactions 
of  the  Asiatic  Society  of  Bengal  (Vol.  LXIX,  p.  187)  should  be  consulted. 

Evthalia.  Out  of  20  species,  two  of  the  Indian  forms  can  be  consi- 
dered as  widespread  in  the  plains  and  as  likely  to  be  found.  E.  garuda, 

Mo.,  is  a  deep  brown  insect,  the  female  paler  than  the  male,  both  with  dark 
loops  near  the  base  of  the  wings  and,  on  the  f  orewings,  a  series  of  five 
white  spots  from  the  costa  near  the  middle.  There  is  an  outer  series 
of  black  spots  on  the  hindwing  and  the  under  surface  is  paler  with  nearly 
similar  markings.  The  larva  is  figured  by  de  Niceville  and  was  found 

by  him  feeding  on  mango.  It  is  perhaps  the  most  beautiful  and  striking 
of  all  the  butterfly  caterpillars  and,  while  not  abundant,  is  to  be  found 

on  the  mango  in  most  parts  of  India.    (Plate  XXX.) 

E.  nais,  Forst.,  is  smaller,  the  upper  side  bright  tawny,  with  black 
bands  and  dots.  De  Niceville  remarks  that  it  thrives  best  in  open  and 

moderately  dry  country  ;  the  larva  is  similar  to  that  of  the  above  species 
and  is  described  by  Moore. 

Ne^ais  eurt/nonWyWeBt-w.,  includes  forms  separated  by  de  Niceville  and 
others,  but  regarded  by  Bingham  as  the  same.  On  the  latter  basis,  this 

species  is  widespread  in  India.  The  upper  side  is  black,  with  white  spots  in 

three  oblique  lines  across  both  wings,  with  an  outer  series  of  smaller  ones 

on  the  forewing.  The  under  surface  is  a  deep  rich  red-brown,  with  the 

markings  larger  and  confluent.  The  larva  is  described  as  green  with 

processes  on  the  sides  of  the  third,  fourth,  sixth  and  terminal  segments, 

and  spines  on  the  head. 

In  the  next  species,  Rahinda  hordonia,  StoU.,  the  markings  are  on 

the  same  plan  but  larger,  confluent,  and  a  bright  tawny  colour  ;  the 

butterfly  is  widespread,  its  larva  feeding  on  Acacia  and  Albizzia  (see 

Bell,  Davidson  and  Aitken,  Journ.,  Bombay  Nat.  Hist.  Soo.  X,  p.  250). 

Cyrestis  thyodamas,  Boisd.,  is  the  sole  common  species  of  this  genus 

and  is  noticeable  chiefly  from  its  remarkable  larva  found  feeding  on  Ficus 
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nemoralis  and  F.  glotnerata.  The  student  should  consult  the  papers  of 
de  Niceville  and  F.  W  Mackinon  in  Volume  XI  of  the  Journal  of 

the  Bombay  Natural  History 

Society  for  beautiful  figures 
of  butterfly  larvae,  including 
this  remarkable  species. 

With  Danais,  Jmwnin  is  the 

common  genus  of  butterfly 
known  to  all  in  India.  The 
numerous  forms  are  abundant 

in  gardens,  aad  to  those  who 

appreciate  their  beauty,  it  is 

worth  while  growing  the  blue- 
flowered  Stachytarpheta  indica,  which  is  in  itself  so  dull  and  uninterest- 

ing, on  account  of  the  myriads  of  Junonias  which  will  visit  it  in  autumn. 
We  figure  Junonia  almana  ;  the  six  Indian  species  are  all  common  in 

the  plains.    Bingham  gives  the  following  key  to  them  : — 

Fl|f.  2S2.— Jl-NONIA   ALMANA. 

Fig.  2^  -JUNOKIA  LBIfONIAh. 

a.  Upperside  ground-colour  brown. 

aK  Forewing  without  yellow  spots  or  discal    band  on   upperside 
  J.  iphita. 

h ' .  Forewing  with  yellow  spota  or  a  whitidb  discal  band  on  upperside . 

a'^.  Forewing  with  yellow  stops  on  nppeiside   J.  lemoniaa. 
¥.  Forewing  with  an  oblique  whitish  short  discal  band  on  upperside 
  /.  orithya<^^ 
b.  Upperside  ground<colour  yellow   J.  hierta. 
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c.  Upperaide  ground-colour  :  forewing  black,  hindwing  blue 
  J.orUhya^, 

d.  Upperaide  ground-colour  pale  lavender-grey  or  brown  . .  J.  aditeg. 

e.  Upperaide  ground-colour  rich  orange-yellow     J.  dmana. 

The  larvae  are  cylindrical  with  rows  of  spines  or  processes,  and 

usually  dull  in  colour.    All  feed  on  wild  plants,  but  J.  almana  has   been 
known  to  join  other  bands 

of  swarming  caterpillars  and 

destroy  rice  fields  on  a  large 

scale.  The  larva  of  J.  orithyi'a 
feeds  on  a  common  weed, 

Jmticia  sp.  (Plate  XXVTTI, 

fig.  1)  and  the  larva  of  J. 
lemonias,  on  bariar  {Sidn 

Fijt.  284.-VANKSSA  cABDoi.  rJiornbifoKa). 

Vanessa  is  represented  by  V.  cardui,  Linn.,  the  "Painted  Lady  "  of 

England,  found  throughout  the  world,  and  rarely  in  the  plains,  and  by 

V.  indira,  Herbst.  The  larva  is  like  that  of  Junonia ;  the  first  feeds 

on  Argemone  mexicana,  the  second  on  Zornia  and  BJumea. 

Hyjiolimnas  is  remarkable  on  account  of  the  striking  sexual 

differences    exhibited.    The   female    in    each  case    mimics   a  Danaine 

Fi(r.  285.— Hypolimnas  Miiipprs  male. 

butterfly,    H.  bolina,  Tinn.,  mimicking    Euj)laBa,  H.  misijypus,  Linn., 

mimicking  Danais  chrysipjms.    The  males  are  deep  black,  with  a  large 
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white  patch  in   each  wing,  which  has  metallic  blue  reflections ;  in  H. 

bolina  the  edges  of  the  wings  show  traces  of  the  markings  characteristic 

Fig.  286— Hypoumnas  mimi'I'Ds,  female. 

of  the  female,  but  in  misippus  the  two  sexes  are  totally  distinct  in 

colour.  The  larvae  are  of  the  usual  form,  with  rows  of  spines.  Both 

species  are  common  in  the  plains,  and  the  student  may  be  on  his 

guard  against  regarding  the  females  as  Danaids  on  superficial 
characters. 

Fig.  5!87— HvpoLiMNAH  MiHipprs,  mMOKFHir  fkmai.k. 



NBMKOBIIDii:.  ilh 

The  beautiful  oak  leaf  butterflies  of  the  genus  Kallima  deserve 
mention,  though  only  one  can  doubtfully  find  a  place  in  our  plains 
fauna.  Every  butterfly  collector  is  familiar  with  these,  as  every  visitor 
to  the  Museums  of  London  or  Calcutta  should  be.  Kallima  inctchus, 
Boisd.,  is  the  common  hill  form,  found  wherever  there  is  sufficient 

moisture  and  forest,  as  at  Pachmarhi  and  in  Orissa.  Kallima 

horsfieldi,  KoU.,  is  treated  by  Bingham  as  distinct,  and  as  including 

several  forms  regarded  by  de  Nicc'ville  as  distinct ;  it  occurs  at  eleva- 
tions of  2,000  feet  and  upwards  in  Western  and  Southern  India  and 

may  be  the  Western  form  of  inachus.  Davidson  and  Aitken  describe 

and  figure  the  larva,  and  state  that  it  feeds  on  Strobilanthus. 

Cethosia  cyane,  Dr. ,  is  perhaps  the  most  notable  butterfly  of  Bengal ; 

it  is  a  curiously  tame  species  and  we  have  caught  it  in  our  fingers  at 
Duranta  ;  the  larva  is  stated  to  feed  on  passion  flower  (Moore).  Atella 

•phalarUha,  Dr.,  is  a  small  tawny  butterfly  with  black  markings ;  de 

Nict'ville  says  of  it :  "  This  species  is  one  of  the  commonest  Indian 
butterflies,  occurring  throughout  the  year  in  the  plains  and  in  suitable 

seasons  in  the  outer  Himalayas  up  to  8,000  feet."  Davidson  and  Aitken 
describe  the  larva,  which  is  stated  to  feed  on  Flacourtia  and  Salix. 

Ergolis  includes  the  widespread  E.  merione,  Cram.,  whose  larva  feeds 
on  castor  leaf.  (Ricinus  communis.)  The  butterfly  is  not  common,  flying 

among  the  foliage  of  dense  trees  and  this  species  is  one  of  the  few 
that  breeds  on  a  plant   of  economic  importance.    (Plate  XXXI.) 

Of  the  AcraeAncp  but  one  can  be  included  here,  the  little  tawny 

Telehinia  viola,  Fabr.,  whose  larva  feeds  on  the  wild  passion  flower  (see 
Davidson  and  Aitken).  It  was  reared  in  Bengal  on  Hibisctis  eannabinm. 

The  larva  is  spiny  and  may  be  protected  by  its  unpleasant  taste. 

The  Lihytheincp  include  only  the  genus  Libythea  wholly  absent 
from  the  plains. 

Nembobiid^  (ErydnidcB,  Lemoniidm). 

Forelegs  jvUly  developed  in  female,  imperfe/i  in  male. 

This  family  includes  species  almost  wholly  confined  to  the 

forest-clad  hills.  They  have  somewhat  the  appearance  of  Lycrnids, 
with  short  tails  on  the  hind  wing  in  some  cases.  Dodona  eugenes, 
Butl.,  has  been  reared  from  a  green  flattened  larva,  feeding  upon 

grasses  and  bamboo  (Mackinon).    Ahiaara  echerius,  StoU.,  is  the  only 
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specieR  found  in  our  area ;  Davidson  and  Aitken  reared  the  larva, 

and  describe  it  as  being  light-green,  flat,  very  broad  in  the  middle, 
tapering  to  both  end» ;  the  pupa  is  closely  attached  to  the  leaf  by 

th '  tail  and  a  girdle.  The  total  number  of  species  in  India,  Burmah 
and  Ceylon  is  twenty. 

PlEBIDiS. 

Legs  fully  developed,  clawa  bifid  or  toothed.    Hind  wing  tvith  vein  la 
present.    Larva  smooth  or  with  fine  pvibescence.    Pupa 

with  a  girdle,  upright  or  horizontal. 

These  butterflies  are  of  moderate  size,  coloured  in  white,  yellow, 
orange  and  black  ;  the  colouring  is  vivid,   noticeable  and  probably 
warning.    The  majority  of 
the  family  and  practically 
all  our  common  species  are 

instantly    recognisable     as 
Pierids  in  the  field  and  the 

family  is  a  very  distinct  one. 
Males    and    females   differ 

little  save  in  colouring,  while 

dry -.season   forms    of   both  ..i- 
,.        J     1        ,1  Via.  288.— PiBRis  bbashic*. sexes  are  often  darker  than 

wet-season  forms. 

There  is  little  to  comment  on  in 

the  life-history.  Eggs  are  laid  in 

groups  or  singly,  upright  sculptured 
eggs,  constricted  near  the  apex, 
of  a  dull  yellow  white  colour.  The 
larvae  are  usually  coloured  in  yellow 

or  green  with  black  and  are  smooth, 

or  have  a '  short  dense  pubescence 
often  with  grandular  hairs  bearing 

each  a  drop  of  fluid.  They  com- 
monly feed  in  company,  a  row 

eating  steadily  away  at  the  epidermis 
of  the  foodplant  together.  Our 

common  species  feed  on  Cassia  and 
tig.  280.— OlTOraUA  FTRiNTBX  PUPA 

ATTAORCD  TO  TWIO  OF  OABNA. 



PLATE   XXXI.— Ergolis  Merione. 

The  Castor  Butterfly. 

Fig.    1.  Egg,  seen  from  above,     x  18. 
»      2.        „     lateral  view,     x  18. 

„      3.  Young  larva,  dorsal  view. 

,.      4.  Full-grown  larva,  dorsal  view. 

„      5.  Second  and  third  abdominal  eegments  of  larva. 

„      6  Section  of  third  abdominal  segment  to  show  arrangement  of 
procetMes. 

I,      7  A  single  process. 
„      8  Chrysalis,  dorsal  view. 

>i      9.  Imago,  femnlr,  dorsal    view. 

M    '0  „  ,.        ventral     „ 
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allied   LegummoscB,    on  Capparii    and  Capparidarece,  on  Brassica  and 
Cruciferm,  and  on  LorarUhus. 

Pupation  takes  place  after  the  larva  has  attached  the  anal  prolegs 
to  the  pad  of  silk  and  fastened  the  thoracic  girdle,  the  pupa  being  hori- 

zontal or  upright.    The  pupae  are  green,  cryptic  in  form  and  colour.    The 
butterflies  are  day-fiying  and  very  noticeable,  some  being  strong  fliers 
which  visit  flowers,  others  fluttering  in  low  vegetation  and  grass.    They 
appear  to  hibernate  as  imagines  and  where  the  foodplant  is  available, 

lay  eggs  early  in  the  year  at  the  onset  of  the  hot  weather.    The  number 
of  broods    is    at    least    two  and  in  some  cases  as  much  as  six  or  more. 

A  great  deal  has  yet  to  be  learnt  of  the  occurrence  of  some  species  during 

the  year,  and  the  matter  is  by  no  means  a  simple  one.    We  may  mention 
Pieris  brassicm,  Linn  ,  as  an  instance,  there  being  reason  to  believe  that 

this  butterfly  migrates  from  the  hills  for  the  cold  weather  and  early  hot 

weather,  spending  this  period  in  the  submontane  districts  of  the  Himala- 
yas for  instance,  breeding  on  cultivated  Crwiferw  and  returning  to  the 

hills  for  the  summer  there.    This  is  by  no  means  definitely  ascertained, 

but  it  is  in  strong  contrast,  for  instance,  with  such  a  species  as  Terias 

hecabe,   Linn.,    which   is    a    constant    breeder  in  the  plains,  wherever 

food  is  available,   and  so  long  as  the  weather  is  warm  enough.    Only 

one  species  is  in  any  degree  destructive,  Pieris  hrassicce,  Linn.,  being  a 

pest  to  cabbages  and  other  garden  Crucifersp,  in  sub-Himalayan  tracts. 

The  larvee  are  the  hosts  of  parasitic  Hymenoptera  and  a  very  large 

proportion  are  destroyed  in  some  seasons. 

Bingham  has  recently  revised  the  Indian  forms  in  the  Fauna  of 

India,  with  the  help  of  de  Niceville's  manuscript  of  his  proposed 

volume  in  the  butterflies  of  India.  Only  !)1  species  are  recorded  in  all, 

and  this  is  probably  a  smaller  number  than  any  other  author  would 

allow.  The  tendency  to  split  species  and  indefinitely  multiply  them 

is  deplorable,  and  it  is  to  be  hoped  that  Bingham's  commonsense views  will  be  accepted  as  final. 

Uj)tosia  xiphia,  Fabr.,  is  common  in  the  plains,  a  small  white  but- 

terfly, with  rounded  wings,  the  apex  of  the  forewing  and  a  large  sub-apical 

blotch  black.  It  is  a  graceful  butterfly  of  delicate  build,  found  in 
 the 

jungle  ;  the  larva  is  recorded  on  Capparis. 
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Delias  eucharis,  Dr.,  is  one  of  the  most  oominon  and  striking  butter- 
flies of  the  plains  ;  it  is  white  above  ;  the  veins  lightly  or  heavily  marked 

with  black ;  below,  the  apex  of  the  forewing  and  hindwing  are  bright 

yellow  between  the  veins,  with  an  outer  series  of  bright  vermilion  blotches 
between  two  black  bands ;  the  red  looks  as  if  dabbed  in  with  a  brush 

and  stands  out  extraordinarily  sharply  and  crudely.  This  beautiful 

insect  flies  about  in  the  sun  and  is  one  of  our  most  striking  butterflies. 

Aitken  records  its  habits  of  laying  eggs  in  rows  and  not  singly  as  do  most 

butterflies.  Its  larva  feeds  on  the  mistletoe  {Lnranlhus),  growing  on 

trees  and  is  readily  reared. 

Anapheis  (Belenois)  nwseiitina.  Cram.,  is  white  with  fuscous  mark- 

ings; the  larva  feeds  upon  bagnai  (dnpparis  horrida),  and  the  butterflies 

are  common  throughout  the  year.  The  pupa  is  green  with  yellow  spots ; 

it  has  a  spine  on  the  vertex,  one  on  the  dorsum  and  a  lateral  pair. 

Pieris  is  represented  sporadically  by  P.  hrassirtp,  Linn.,  the  oonmion 

"  cabbage  white,  "  which  is  found  within  100  miles  of  the  Himalayas  in 
Eastern  Bengal,  Behar,  the  IniU'd  Provinces  and  Eastern  Punjab.  This 
insect  is  sometimes  extremely  abundant,  coming  in  the  cold  weather  in 

numbers  and  breeding  freely  on  cruciferous  plants.  Its  sporadic  appear- 

ances ."re  due  either  to  the  action  of  parasites  which  ultimately  destroy  a 
very  high  percentage  of  the  larvap  and  check  the  insect  apparently  for 

some  years,  or  to  its  sporadic  migratifm  from  the  hills  into  tht; 

plains.  Ixias  pi/retw,  Linn.,  is  yellow  with  black  and  orange  covering 

the  apical  half  of  the  wing.  Its  larva  feeds  on  Capparis  sepiaria  with 
that  of  /.  mariamne,  Cram.  ;  both  are  conmion  in  India  in  the  hills 

as  in  the  plains.  Apjnaii  libijlhea,  Fabr.,  is  a  white  butterfly  with  dark 

markings  at  the  edge  of  the  wing  in  the  male,  over  the  apical  half  in 

the  female.  The  larva  was  reared  by  Davidson  and  Aitken  on 

Capparis  horrida. 

Catopsilia  includes  the  two  common  white  butterflies,  C.  crocale. 

Cram.,  and  0.  pyranthe,  Linn.  Both  feed  freely  upon  the  weed  Chakaur 

{Cassia  occidentalis),  the  latter 'also  upon  the  Indian  laburnum  (Cassia 
fisttda)  and  are  common  throughout  the  year. 

Colias  croceus,  Fourc.  ifieldi  Men),  is  a  beautiful  orange  species,  the 

wings  edged  with  fuscous  and  with  the  undersuiface  yellow.  It  is  one 

of  the  common  butterflies  in  the  fields  in  the  dry  hot  months. 
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grasshopper  and  a  migrating  locust ;  this  insect  occurs  over  a  large  part 
of  India  m  small  numbers  as  an  ordinary  member  of  the  fauna  not  occur- 

ring in  specially  large  numbers.    In  certain  areas  it  becomes  extremely 
abundant  in  occasional  years,  packs  into  swarms  and  migrates  over  long 
distances.    In  this  case,  the  change  of  habits  is  associated  with  a  change 
of  colour,  the    insect  becoming  suffused  with  brilliant  red.    Normally 
this  occurs  in  November  or  early  December    when  the  insect  migrates  ; 
yet  specimens  with  the  normal  colouring  are  found  elsewhere  or  when  in 
small   numbers   right   through  until  June  and  no  colour-change  takes 
place.    One  would  hesitate  to  attribute  the  colour-change  to  the  mere 
change  of  habits  did  one  not  also  feel  that  the  habit  of  migration  is  one 
that  must  exert  a  profound  effect  on  the  insect  itself.    We  have  elsewhere 
suggested  that  the  red  colour  facilitates  migration  in  swarms  since  it 
renders  the  swarm  visible  at  a  distance  and  enables  stragglers  to  come 
up   (Mem.,    A.gric.   Dept.,   India,   Entom.  Vol.   I,   No.    1);   that  the 
commencement  of  the  migration  induces  the  colour-change  is  striking, 
but  the  observation  of  this  insect  leads  one  to  believe  it  to  be  true.    The 

question  that  naturally  arises  is,   why  do  locusts   migrate  ?    Why  does 
this  impulse  come  upon  them  and  impel  them  to  move  in  swarms  over 
long  distances,  or  even,  as  the  Bombay  Locust  does  in  its  early  flights, 
to  fly  solitarily  and  steadily  in   one   direction  at   night  till   they  have 
covered  a  hundred    or  as  much   as    20()  miles.    We  believe  it  is  due  to 

two  motives  :  first  the  need  of  food  ;  second,  the  need  of  finding  satisfac- 
tory places  to  lay  eggs.    In  the  year  190.3,  the  Bombay  Locust  gathered 

in  immense  quantities  in  the  forests  of  the  Western  Ghats  before  the 
winter :  this  was  probably  for  food  since  only  in  these  forests  would  they 
find  a  sufficiency  of  green  leaves ;  afterwards  they  moved  out  in  swarms, 
as  they  have  done  before  and  after;    this  was,    we  believe,  to   enable 
them  to  lay  eggs  in  places  where    grass  abounded   rather  than  trees, 
since  the  hoppers  live  in  moist  grasslands  among  low  vegetation.    The 
same  two  motives  would  appear  to  apply  to  the  Migratory  Locust  which 

first  migrates  in  search  of  food  and  has  a  brilliant  "  migration  "  colour, 
and  then  moves  further  in  search  of  sandy  wastes  and  gets  a  protective 

yellow  "  Sand  colour  "  when  it  is  going  to  lay  eggs ;  only  in  this  species 
the  hoppers  too  have  a  migrating  habit  since  they  are  born  and  hve,  not 

in  the  midst  of  plenty  in  rainy  places  as  does  the  Bombay  Locust-hopper, 
but  in  arid  lands  where  the  drought-resisting  bushes  afford  less  food.    If 
then  these  views  are  correct,  the  migrating  habit  has  arisen  in  the  latter 
species  as  a  necessity  of  food  getting  and  reproduction,  and  is  so  habitual 
as  to  be  instinctive,  while  in  the  former  it  arises  only  in  the  adult  when 
it  is  surrounded  by  many  of  its  kind  and  the  assumption  of  the  habit 
produces  peculiar  colour-changSs  as  a  physiological  result.    Out  of  all 
the   many  grasshoppers  in  India,  we  know  of  this  habit  in  only  two 
species  and  one  may  wonder  why  it  should  occur  in  these  only ;  but 
it  is  necessary  to  think  back  one  stage  and  wonder   why  these   two 
should  reproduce  so   abundantly.    This   we  cannot  answer,  save  by 
saying  that  Nature  is  full  of  variety  and  makes  one  species  prolific, 
another  always  a  rarity.    There  is  reason  to  believe  that,   like   the 
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Tcrias  is  perhaps  the  most  common  of  the  Pierids,  the  h'ttle  yellow 
butterflies  with  black  edges  to  the  wings  which  are  so  abundant  through- 

out the  plains.  T.  hecabe,  Linn.,  has  been  reared  upon  Cassia  tora  and 

probably  feeds  on  several  species  of  ( 'assia.  Watson  refers  to  it  as  having 
at  least  four  broods  yearly,  and  in  favourable  places  possibly  twelve. 

It  has  been  reared  Iti  Bengal  also  on  Jainta  {Seshania  aculecUa). 

The  oval  elongate  egg  is  greenish  white,  laid  singly  on  leaves.  The 

larva Js  green,  with  a  lateral  white  stripe,  and  transverse  wrinkles  :  they 

pupate  (after  twenty  days  larval  life)  with  the  head  downwards,  the 

body  in  the  girdle,  and  their  colour  is  green  or  brown  according  to  the 

leaves  they  are  on  or  among.  The  ])U})al  period  varies  from  five  days 

to  twenty-five  days.  This  species  is  variable  in  markings  and  is  not 
easily  distinguished  from  T.  venata.  Mo.,  T.  Ilbi/thea,  F.,  and  T.  Iwta, 

Boisd.,  which  al'o  occur  in  the  plains. 

Colelis  amata,  Fabr.  (Terarolus  cj/prcru)  is  orange  above,  with  many 

dull  black  markings,  and  yellowish  below.    Tlie  larva  is  striking,  as  it 

feeds  in  company  on  the  leaves  of  Sahadora 

persira :  the  full  grown  larva  is  cylindrical, 

yellow  green,  the  head  and  body  with 
tubercles  bearing  hairs,  at  the  end  of  each 

of  which  is  a  drop  of  fluid.  These  feed  in 

a    row,    eating    away   the    epidermis    and 
Fig.  291)- COLF/IIS   AMATA.  .  -  U       I       f      nil, 

gradually  moving  down  the  leaf,  iney  are 

common  where  this  plant  grows  in  the  drier  parts  of  India.  ColHis 

(Teraoolus)  etrida,    Boisd.,    may  also  be  expected  in  the  plains. 

MIGRATION. 

To  those  who  live  in  tropical  countries,  the  migration  of  insects  will 

suggest  at  once  the  Hight  of  vast  swarms  of  locusts,  perceived  as  a  cloud 

on  the  horizon  growing  larger  as  they  approach  till  the  sky  is  dark  with 

them  and  they  pass  on  overhead  or  alight  for  a  while  before  resuming 

flight.  In  locusts  we  see  the  phenomenon  m  its  most  striking  and 

exaggerated  form,  one  in  which  the  magnitude  of  the  insects  impresses 

us  most  distinctly  and  gives  a  perhaps  exaggerated  idea  of  the  actual numbers  of  insects  concerned. 

We  have  in  the  Bombay  Locust  {Acridium  swcindum,  Linn.)  a  most 

striking  example  of  an  insect  that  is  at  once  an  ordinary  non-migrating 
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Bombay  Locust,  others  migrate  when  abundant,  the  instinct  to  do  so 
moving  them  when  many  are  together.  Thus  the  Central  Asian  locust , 
Pachytylus  cinevancenH,  occurs  in  India  sparsely,  but  is  a  well  known 
migrating  locust  in  places  where  it  is  more  abundant,  and  we  believe  it 
would  be  so  in  India  were  favourable  conditions  to  make  it  abundant. 

Scanty  records  exist  of  the  migration  of  other  insects  and  we  can 
mention  a  few  of  these.  From  time  to  time,  one  reads  in  newspapers 
of  a  swarm  of  butterflies  having  been  seen  flying  steadily  in  a  particular 
direction ;  wc  have  seen  this  in  the  case  of  a  West  Indian  skipper  (Calpo- 

desethlius)  which  was  extremely  abundant ;  dellh(''  Philippe  in  his  paper 
on  the  butterflies  of  Lucknow,  mentions  it  in  the  case  of  a,  Lycasnid 
(Polyommatus  bwHcus,  Linn.)  which  he  says  migrates  annually  to  the 
hills  in  great  numbers  in  the  early  hot  weather  (Jo.  Bo.  Nat.  Hist.  Soc. 
XIV,  p.  481);  Dudgeon  (Jo.  Bo.  Nat.  Hist.  Soc.  XIV,  p.  147)  has 
remarked  on  migrations  of  Cato'psilia  (ro<ialc,  Cram.,  and  Anaphein 
(Belenois)  me^evHna,  Oram.,  with  small  numbers  of  other  species 
which  he  has  observed  in  the  Kangra  Valley,  where  they  are  said  to  be 
not  unusual.  He  found  they  flew  steadily  in  one  direction  and  that 
both  sexes  were  present. 

G.  C.  Nurse  also  has  observed  a  migration  of  Catopsilia  pyranthc 
at  Deesa  in  August,  and  states  that  it  has  been  seen  to  occur  every 
year  for  three  years  back.  (Jo.  Bo.  Nat.  Hist.  Soc.  XIV,  p.  179.) 
Other  instan(5es  will  be  found  in  Indian  literature  and  it  is  probable 
that  these  cases  are  associated  with  food  supply,  not  so  much  for  the 
actual  migrating  insect,  as  for  its  young.  Other  recorded  cases 
include  the  migration  in  swarms  of  dragon  flies  (Odonata),  though 
such  cases  are  rarer.  Such  a  case  is  mentioned  by  Morren,  where 
Libdlula  dejyresm  migrated  in  vast  numbers  in  Belgium  (A.  N.  H. 
II,  Vol.  13,  p.  239).  Howard  (The  Insect  Book,  p.  .131)  mentions  seeing 

a  "  migrating  army  of  Cockroaches,  incalulable  in  number,"  crossing 
the  street  in  Washington  and  apparently  moving  from  an  undesirable 
building  to  others,  the  motive  being,  he  considers,  the  desire  of  the 
females  to  lay  their  egg  cases  in  a  place  that  might  afford  food  to  their 
abundant  young. 

Finally  we  may  mention  the  fly  Sciarn,  whose  larviP  are  recorded  as 
moving  in  a  solid  mass  steadily  in  one  direction  ;  this  phenomenon  occurs 
in  some  European  and  American  species,  where  it  is  well  known. 

PAPiLioNiUi*. — Swallow  tails. 

Legs  fully  developed,  daws  large  and  simple.    Hindwing  with  vein   /a. 

absent.    Pupa  with  girdle,  fixed  at  tail,  head  upwards.    Larva  with 

or  without  processes,  not  hairy. 

These  insects  include  the  finest  and  most  striking  of  the  butterflies, 

but  they  are  almost  wholly  confined  to  moist  forest  areas  and  but  three 
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species  are  common  in  the  plains.    Those  who  wish  to  see  Papiiios  should 

visit  the  hills  of  Assam,  Burmah  and  Indo-China,  the  few  that  occur 

Fit'.  -'Ol— PaI'ILIO  DBMOLRUh. 

within  our  limits  not  representing  the  group  adequately.    Bingham  re- 

cords 129  species  in  the  Fauna  of  India,  Vol.  II. 

Pnpitio   demoleus   (erttfionim),   Linn.,   is  common  throughout  the 

plains,    a    moderately    large  butterfly  coloured  in  black   with  yellow 

Fig.   a92-Y0UN<f  LARVA  orPAPttIO  WBMOIBUS  OK  OBANOE  LEAF     y  2 

blotches  and  an  indefinite  eye  spot  on  the  hindwing ;  its  larva  is 

found  upon  the  lime,  orange,  bael  {JEgle  marmelon),  bawchi  (Punralea 

corylifdia)  and  other  RiUacew ;  the  larva  is  smooth  and  thickset,  and 

ftseds  on  leaves  ;  it  is  at  first  a  dull  brown  with  a  large  irregular  white 
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The  life-history  presents  features  which  are  characteristic  of  the 

family  (Plate  XXXII) ;  the  eggs  are  less   dome-shaped    than  in  most 

Vig.  293— VlRACHOLA  IHOCRATES,  LARVA  ON  urAVi    FRUIT. 

Rhopalocera,  white  or  bluish  and  reticulate  ;  they  are  laid  singly  on  the 
foodplant.  In  most  cases  the  larva  is  flattened,  oval,  the  legs  and 

prolegs  under  the  body ;  the  general  form  is  that  of  a  woodlouse 

("  Onisci-form  ") ;  there  is  commonly  a  dense  covering  of  very  short 
hairs,  though  some  are  smooth  and  a  few  tuberculate  with  bristles.  In 

many  forms,  a  secretion  much  sought  after  by  ants  exudes  from  an 
opening  at  the  hind  end,  and  each  species  has  its  special  attendant 
ants.  Curetis  larvae  have  a  peculiar  process  bearing  a  tentacle  at 
the  end  of  which  are  hairs  ;  this  tentacle  is  whirled  round  rapidly 

when  the  larva  is  alarmed,  presumably  with  the  object  of  frightening 
off  enemies.  Liphyra  has  a  still  more  remarkable  larva,  a  description 
of  which  occurs  in  the  Fauna  of  India  Volume. 

The  larvae  are  vegetarian  in  nearly  all  cases,  feeding  on  leaves  or 
buds  and  living  exposed  on  the  plant,  their  form  End  cryptic  colouring 
rendering  them  inconspicuous. 



blotch  on  the  upper  surface  ;  whilst  it  has  this  polouring,  it  feeds  on 

tender  leaves  and  rests  openly  on  the  leaf  where  it  resembles  a  bird's 
excrement ;  at  the  third  moult,  it  becomes  green  ;  apparently  it  is 

now  too  large  to  mimic  bird's  excreta  and  it  adopts  a  cryptic  colour- 
ing, green  with  purple  brown  oblique  bands.  It  is  now  somewhat 

snake-like  in  appearance  and  by  some  observers  is  regarded  as  being 
so  to  an  extent  that  may  be  protective.  The  larva  on  being  irritated 

extrudes  a  forked  yellow  process  from  the  prothorax,  which  gives  out 

a  scent ;  presumablv  this  is  a  protective  device.  Pupation  takes  place 

on  the  plant.  The  number  of  broods  yearly  does  not  appear  to  be 

known  ;  there  are  certainly  two  in  the  months  preceding  the  rains  and 

apparently  two  during  and  after  these  months,  but  there  is  not  any 

apparent  regularity. 

P.  pammoii,  Linn.,  is  not  distinguishable  from  the  above  as  a  larva, 

but  the  butterfly  is  distinct.  Unlike  P.  demoleys,  it  occurs  in  more  than 

one  form.  The  two  species  are  destructive  to  young  Citrus  trees  and 

while  demoleus  appears  to  be  most  common,  both  occur  throughout 
India. 

P.  aristolocMcp,  F.,  is  the  only  other  common  species ;  its  larva  is 

deep  velvety  brown,  with  a  cream  coloured  band  across  the  abdomen, 

and  with  short  blunt  reddish  processes ;  the  chrysalis  is  ol  peculiar 

form,  resembUng  a  torn  leaf  ;  the  foodplant  is  the  cultivated  climbing 
Aristolochia,  as  well  as  the  wild  Anstolochia  indira  found  as  a  field  weed. 

hYCMmryJR.—Blvcn,  Coppers,  Hahstrcaks. 

Foreh'qs   shgkli/    reduced.    Male   tarsus   of   one   pint,   with    one    ehw. 

Preeostal  nervnre  absent.    Pupa  asualhf  rtttaehed  to  leaf,  with  a  girdle. 

Larva  fusijorm,  smooth  and  withoni  long  hairs. 

The  family  is  distinguished  readily  by  its  appearance  in  nearly  all 

cases,  being  of  small  to  moderate  size  (among  butterflies),  the  hindwings 

often  with  Uttle  tails,  the  colouring  usually  blue  or  grey  above  with 

metallic  reflections,  grey  or  white  below  with  many  dark  spots  and, 
often,  coloured  ocelli. 

The  colouring  of  the  undersurface  is  distinctly  cryptic,  blending 

beautifully  with  the  prevailing  light  and  shade  of  dry  grass  when  the 

butterfly  sits  on  a  grass  stem  with  folded  wings. 
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The  pupa  is  rounded,  humped  at  the  thorax,  constricted  behind  the 

thorax,  and  flattened  below,  usually  smooth.  It  is  attached  by  the  crc- 
master  and  usually  by  a  girdle. 

The  butterflies  are  day-flying,  fluttering  about  in  grass  and  low  her- 

bage, the  larger  forms  being  strong  fliers.  Hibernation  in  this  group 

is  commonly  in  the  imago  stage  in  the  plains  and  there  are  two  or  several 

broods  in  the  year,  depending  upon  food-supply.  None  are  .-serious  peats 

except  Virackola  ismraies,  which  works  havoc  in  plantations  of  pomegra- 
nate. 

Lycaenids  have  not  been  collected  in  India  to  the  extent  that  other 

butterflies  have,  and  there  are  fewer  data  in  the  case  particularly  of 

distribution.  Ttte  species  common  in  the  plains  are  far  less  well  known, 

and  we  have  mentioned  only  those  species  we  are  certain  are  widely 

spread,  a  very  small  number  considering  the  large  number  of  forms  that 

exist  in  India.  Bingham,  who  has  revised  the  family  in  the  Fauna  of 

India,  divides  them  into  seven  sub-families.  The  student  should 

see  these  volumes  (Butterflies,  Vols.  11,  III)  where  the  known  species 
are  described  and  their  larvae. 

Spalgis  cpius,  Westw.  (fig.  'ISi'l),  is  notorious  on  account  of  its  (lar- 
val) habit  of  devouring  mealybugs ;  it  is  distinctly  not  vegetarian  as 

Fi)J.  294— SPAI-filN  KPICS,  LRFT,  MALB;  RIGHT,  FEMALE. 

are  its  alUes,  but  lives  among  colonies  of  the  larger  mealybugs  and  feeds 

on  them  ;  it  has  been  found  with  Phenacoccus  iceryoides,  6r.  ;  the  larva 

is  short  and  thickset,  with  a  thick  coating  of  white  mealy  wax  adhering 

to  its  short  stiff  hairs  ;  its  appearance  is  exactly  like  that  of  the  clustered 



Hi)  LKPIDOPTBRA. 

(mgs  and  only  careful  examination  distinguishes  it.  The  head  and  feet 

are  concealed,  the  bod}'  below  is  greenish.  The  larvae  when  full  fed  walk 
about,  settle  down  and  pupate,  emerging  after  9  days  as  butterflies. 

Aitken  figures  the  larva  and  pupa  (Journ.,  Bombay  Nat.  Hist.  Soc, 

VITI,  p.  48.")).  but  the  .student  may  be  cautioned  against  taking  his 
remarks  seriously  as  to  the  rpsemblance  of  the  pupa.  In  this  as  in 
8  other  genera  the  girdle  is  absent,  the  pupa  attached  only  by  the 

cremaster.  The  butterflv  is  widespread,  but  perhaps  not  abundant, 

being  dependent  for  its  food  on  this  and  other  mealybugs.  Mr.  Green 

was  the  di.scoverer  of  the  carnivorous  habit  of  the  larva,  which  was  con- 

firmed bv  Mr.  Aitken,  and  we  have  since  reared  the  butterfly  from  the 

mealybug  we  mention.  The  butterfly  (fig.  2it4)  is  violet-brown  above, 
with  a  square  white  .spot  in  the  forewing,  and  grevish  white  below  with 

brown  lines  on  both  wings,  without  ocelli. 

Chladi's  includes  two  plains' species ;  ('  /a*M.v.  Cram.,  which  is  blue 
above  and  without  colour  or  metallic  scales  on  the  marginal  spots 

below  and  ('.  (rocJiilus,  Frey..  which  is  dull  black  above,  the  marginal 
spots  with  metallic  scales  and  orange  colour.  The  larva  of  the  former 

i.s  de.scribed  as  feeding  on  the  leaves  of  lime  and  pomelo  ;  de  Niceville 

.says  it  can  be  "  cojifldentlv  looked  for  in  any  part  of  India  where  anv 

trees  aUied  to  the  orange  grow.''  The  larva  of  the  latter  is  described 
by  de  Niceville.  as  feeding  on  IJeliotropiiiw  sfrigosum,  Zornin  diphi/lla, 

and  on  indigo  in  Hehar. 

Zizcra  includes  the  smallest  known  butterflies  with  Z.  gnl/cn,  Tr.,  only 

six-tenths  of  an  inch  across  the  wings ;  some  of  these  are  abundant  in 

the  plains  tm  low  vegetation,  while  here  and  there  one  finds  them  in  pro- 
fusion on  a  patch  of  grassland.  De  Niceville  considered  there  were  bul 

four  species  in  India,  though  he  listed  all  the  species  mentioned  as  distinct 

to  the  number  of  thirt<>en.  Z.  tnafia,  Koll.,  is  the  largest,  with  the  upper 
surface  of  the  male  silvery  blue  with  a  black  border,  the  female  blue  to 

black.  The  flat  green  larva  was  found  on  Oxalin  rorniculata.  Z.  ///*?- 

»won,  Hubn.,  is  small,  the  wings'above  violet  blue  in  the  male,  greyish 
brown  in  the  female  and  having  the  spot  near  the  middle  of  the  discoidal 

cell  below,  which  is  present  also  in  Z.  maha,  but  absent  in  the  next  two. 

Thisis  taken  to  include  the  common  Z.^arwanrfrrt,  Mo.,  which  breeds  free- 

ly on  lucerne  {Medircu/o  sativa)  in  the  plains  where  this  is  grown,  and 



probably  also  on  wild  leguminous  plants.    Davidson  and  Bell  reared 

it  on  a  vetch,  Zornia  diphylla. 

Z.  gaika,  Trim.,  has  two  spots  on  thecosta  of  the  forewing  below, 

one  on  either  side  of  the  discocellular  spot.  It  appears  to  occur  in  grass 

and  low  herbage  throughout  India,  though  best  known  from  hill  locali- 
ties. Z.  Otis,  Fabr.,  has  no  costal  spot  below  and  is  the  last  of  this  genus 

which  de  Niceville  regarded  as  distinct.  Accepting  this  view,  the  species 

is  widespread  in  India  ;  he  records  rearing  it  on  Alifsicarpus  vaginalis 
in  Calcutta. 

Lamjiides  is  also  widespread  in  India,  L.  eJpis,  God.,  light  metallic 

blue  above,  rather  less  so  than  L.  celeno.,  Cram.,  {cplianm,  Fabr. )  which  is 

milk  white  above.  The  former  feeds  on  the  cardamom  (Elettaria  carda- 

rnoma)  where  this  plant  grows,  the  latter  on  the  Dhak  (Butea  fnmdosa) 

and  on  Heynia  trijuga.  For  the  accurate  identification  of  these  insects 

as  for  particulars  of  this  family,  the  student  should  consult  the  third 

volume  of  de  Niceville' s  Butterflies  of  India,  and  Bingham's  volume 
11  of  the  Butterflies  in  the  Fauna  of  India.  An  account  of  L.  elpis  will 

be  found  in  Indian  Museum  Notes,  Vol.  I,  p.  11 . 

Catochri/sops  is  regarded  by  de  Nicc'-viJIe  as  containing  three  species, 
while  he  lists  nine.  C.  straho,  Fabr.,  has  a  "  distinct  small  dusky  costal 
spot  between  the  disco-cellular  and  discal  bands  on  underside  of  forewing  ; 

eyes  hairy."  While  the  others  have  not  these  characters,  C.  cnejus, 
Fabr.,  has  two  nearly  equal  black  spots  at  the  anal  angle  of  hindwing 

above,  while  r.  panflfatja,  Horsf.,  has  but  one  such  spot,  in  each  case  in 

the  male.  The  first  of  these  has  been  reared  once  from  Vignacatjang, 

the  second  from  Cajanus  indious,  and  other  common  pulses  (Plate 

XXXII),  the  third  from  Cycads.  All  are  common  in  the  plains  and  may 

be  captured  readily.  Tarucus  tlwophrastus,  Fabr.,  is  the  commonest 

of  all  these  butterflies  and  is  readily  found  as  a  larva  on  the  ber 

{Zizyphus  jujuba).  The  flat  green  larvse  eat  off  the  epidermis  much  as 

a  snail  feeds  and  gradually  denude  the  branches  of  leaves  ;  the  smaller 

bushy  plants  are  preferred  and  one  may  frequently  see  a  number  of  the 

little  butterflies  clustering  on  one  Ultle  bush  to  sleep.  De  Niceville, 

in  commenting  on  the  number  of  species  made  by  some  writers,  urges  the 

breeding  of  this  species  in  large  numbers  on  this  common  foodplant ; 

the  views  of   two  authors  as  to  what  constitutes  a  species  are  rarely 
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identical ;  it  is  evident  that  every  species  varies,  that  given  a  large  number 

of  variable  specimens  it  is  difficult  to  group  them  if  there  are  any  inter- 
mediates, and  finally  that,  since  this  depends  entirely  on  the  judgment 

of  the  individual,  the  views  of  variable  individuals  will  differ ;  we  nmst  then 

have  recourse  to  the  only  test,  namely,  breeding  from  eggs  laid  by  dis- 

tinct females  ;  if  we  find  that  out  of  one  female's  eggs  we  get  all  the  varie- 
ties, then  all  fall  into  one  species  ;  when  this  does  not  occur,  but  one  batch 

of  eggs  gives  only  one  variety,  and  another  a  second,  we  are  further 

towards  the  truth,  and  by  further  breeding  and  judicious  attempts  at 

coupling,  we  can  separate  our  species  with  scmie  distinctness.  This  is 

what  requires  to  be  done  for  many  forms  of  Rhopaiocera,  and  will 

eventually  have  to  be  dcme  in  the  case  of  many  species  of  other  groups, 
when  these  come  to  be  as  well  known  as  the  butterflies. 

Castalius  eihion,  Doubl.,  and  C.  rosimon,  Fabr.,  are  also  recorded  by 

Bingham  as  widespread  in  India,  feeding  also  on  the  ber. 

Polyommatus  hceficus,  Linn  ,  is  referred  to  by  de  RhcPhilippe  as 

migrating  yearly  in  swarms  from  Lucknow  to  the  hills  in  the  early  hot 

weather  (Journ.  Bombay  Nat.  Hist.  Soc.  XIV,  p.  iKK),  Probably  many 

more  species  have  this  habit  in  sub-Himalayan  localities  and  the  cold 
weather  fauna  of  the  Gangetic  plain  may  be  partly  composed  of  such 

migiating  insects.  De  Niceville  records  rearing  this  on  the  flowers  and 

pods  of  Orotalaria  caJi/cina. 

Vtrachola  isocrates,  Fabr.,  is  the  most  important  economically  of 

the  butterflies,  perhaps  the  only  one  that  is  constantly  and  regularly 

mjurious.  The  male  is  a  beautiful  glossy  violet  blue  above,  the  forewing 

with  an  indistinct  o<;hreous  spot ;  the  female  is  violet  brown  above,  the 

ochreous  spot  more  distinct.  This  insect  has  been  described  and  figured 

several  times  ;  the  student  should  read  the  delightful  account  of  West- 

wood,  reprinted  in  de  Niceville's  Butterflies  of  India,  III,  p.  478.  The 
larva  feeds  on  the  fruit  of  guava, 'pomegranate,  etc.  V.  pergp,  Hewits., 
also  occurs  throughout  India,  both  sexes  being  black  aoove,  with  blue 

(not  metallic)  on  the  basal  area  of  forewing  and  disc  of  hindwing. 

Aitken  records  it  as  feeding  on  the  fruit  of  the  Ghela  (Randia 
dumttorum). 
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The  following  species,  in  addition  to  those  referred  to  above   may 

be  looked  for  in  the  plains  :- 

Neopithecops  zalmora,  Butl. 

Megisba  malaya,  Horsf. 

Cyanins    ptispa,     Horsf. 
Azanus  ubaldus.  Cram. 

,,      uranm,  Butl. 

„        lesous,  Gruer. 
LifewnexfJies  cnwilus,  God. 

Talicada  nyseus,  duer. 

Evcres  argiades,  Pall. 

Nacaduba  ardales,  Mo. 

TMmpides  hochus.  Cram. 

Tarucus  plinius,  Fabr. 
Curetis  ihetis.  Dr. 

Aphnreus  volcanus,  Fabr. 
„         elima.  Mo. 

Tajuria  hnginus,  Fabr. 

,,       fehana,  Mo. 
Deudorix  ejniarbas,  Mo. 

Hesperii])^. — Skippers. 

Foreiving  with  all  the  veinn  separate.  Frorit  tibia  with  a  pad.  Claws  short 

and  thicle  with  an  empodmm.  Antenncv  hooked  beyond  the  club. 

Larva  smooth,  .thghtly  flattetwd,  with  a  distinct  neck.  Papa  in  a  fold 

of  the  leaf. 

These  butterflies  are  recognisable,  as  a  rule,  by  their  stout  build, 

(j[uick  jerky  flight  and,  when  at  rest,  by  the  curious  manner   in  which 

Fip.  2<)S— (JANUAllA  TH%KSIS  (l.  M    N  ). 

the  wings  are  held  at  an  angle  to  the  body.  They  are  of  moderate  size 

and  only  rarely  of  bright  colour,  a  dull  brown  being  the  commonest  tint, 

though  some  are  bright  orange  and  brown.  The  body  is  stout,  the  wings 

short ;  the  head  is  large,  with  large  eyes,  the  palpi  three-jointed,  porrect 

or  upturned.  The  legs  are  equally  developed,  the  middle  tibiae  with  one, 

the  hind  tibiae  with  two  spurs.    There  are  certain  secondary  sexual  marks 





PLATE    XXXIII.— Parnaka  Mathias. 

Thb  Rice  Skippbr. 

Fig.   1.  Bgge,  from  tbe  side. 
„      2.  Youag  Urva  webbing  op  loaves. 

,,      3.  FaU-grOtrn  larva. 
„      4.  Pupa  in  rolled  leaf. 

;"j 
Imago. 

i  Pupnria  of  Tnchinid  parasites. 
.  8. 

9. 

10.     TobneDmon  paratstte 

|Tachiniii  parasitw. 
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ou  the  males  including  a  costal  fold  on  the  forewing  closed  during  life 

and  containing  silky  hairs,  a  stigma  on  the  forewing  and  glandular 
patches  of  specially  modified  scales. 

The  life-histories  of  a  small  number  are  known  and  have  the  main 

features  the  same  (Plate  XXXIII  J.    Upngiit  eggs  are  laid  singly  on  the 

foodplant,  which  hatch  to  caterpillars  with  five  pairs  of  suckerfeet.    The 

larvae  are  usually  smooth  and  elongate,  tapering  evenly  to  either  end, 

the  head  large  and  often  with  a  paired  process,  the  prothorax  distinctly 

compressed  behind  the  head,  giving  the  appearance  of  a  neck.    The  body 

is  slightly  flattened,    the  inter-segments  not  constricted  and  the  sucker- 

feet  are  flat ;  the  whole  structure  enables  the  caterpillar  to  remain  closely 
pressed  to  the  leaf  during  the  day  and  the  colours  are  commonly  green 

or  whatever  tint  best  agrees  with  its  foodplant.    None  exhibit  warning 

colouration,  or  terrific  devices,  and  they  appear  to  depend  upon  their 

cryptic  form  and  colour.    Some  live  between  the  folds  of  a  leaf,  others 

openly  on  the  leaf  and  most    are   nocturnal    feeders.    The    foodplants 

include  grasses  (Gmminecp),  palms  and  species  of  Sritammecf.    The  pupa 

is  cylindrical,  the  hind  end  tapering  and  terminating  in  a  spine  ;  it  lies 

in  a  fold  of  the  leaf  or  between  two  leaves  fastened  together  with  silk ; 

the  cremaster  is  attached  in  the  usual  manner  to  a  silk  thread  or  pad  and, 

in  some  common  species,  the  pupa  is  surrounded  by  a  white  efflorescence 

on  the  leaf.    The  life-history  is  in  general  a  fairly  quick   one   and  there 
are  two  or  more    broods  in  the  rains  ;  so  far  as  known,  hibernation 

is  passed  in  the  imago  stage.    The  larvse  are  the  hosts  of  parasites,  both 

Tachinidffi  and  parasitic  Hymenoptera  having  been  reared  from  them. 

None  are  serious  pests,  though  more  than  one  lives  upon  rice  and  some 

on  palms,  turmeric  and  ginger. 

The  family  is  a  large  one  and  Mabille  has  recently  enumerated  2,600 

species  (Genera  Insectorum) ;  190  of  these  are  Indian,  a  small  proportion 

being  plains  species.  The  student  should  consult  Elwes'  Revision  of 
Oriental  Hesperiidae  (Trans.,  Zool.  Soc,  1896,  XIV,  p.  101)  where  many 

species  are  figured  in  colour  as  well  as  Watson's  "  Hesperia  Indica  " 

(1891)  and  de  Nic6ville's  papers.  The  family  is  divided  into  the  follow- 
ing sub-families  : — 

Pyrhopyginae,  Hesperiinse,  IsmeninsB,  Pamphilinae,   MegathyminiB. 
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plains  species,  coloured,  like  the  above,  in  orange  and  olive-black  ;  its 

larva  is  found  breeding  commonly  on  sugarcane,  also  on  bamboos  and  rice 

rarely. 

Vdasjjes  folm.  Cram.,  is  a  small  black  and  white  species  whose 

larva  feeds  on  turmeric  and  ginger.  It  is  rarely  abundant  or  injurious, 

but  is  widespread  over  the  plains. 

HBTBROCBR A.  -Moths. 

While  there  is  no  distinct  gap  between  the  Rhopalorera  and  Hetero- 

cera.  there  is  justification  from  the  practical  point  of  view  in  separating 

the  two  Divisions ;  the  latter  have  antenna>  not  knobbed,  do  not 

as  a  rule  flv  by  day,  and  pupate  commonly  in  a  cocoon  or  in  concealment. 

This  great  group  is  a  very  large  assemblage  of  species  and  both  logically 

and  practically  requires  breaking  up  to  form  workable  series.  A 

number  of  families  were  formerly  separated  as  MicroUfUoptera,  or 
Small  Moths,  but  the  limits  of  this  series  was  ill  defined.  We  have 

preferred  to  divide  them  into  three  series  as  follows  : — 

I.    Heterocern.    Thirty-one  families,  the  typical  Moths. 

(see  page  'M19.) 
II.    MicTolepido ptera.    Ten  fami'ies,  the  smaller  moths : 

{Calli
dulidc

p. 

Drepan
idcF 

Thyridi
dtf. 

Hindwing  vein  8  connected  to  cell  J  f'^^^^ by  a  bar  or  free,  Ic  present  |^  Tineida. 
Hindwing  vein  8  aborted,  Ic  present.  Sesiidce. 
Hindwing  vein  8  anastomosing 

with  or  closely  approximated  to 
7.  Ic  present.  Pyralidw. 

Wings  divided  into  plumes.  -[  P^^opjimdw. *^  ^  )  OrneodtdcB. 

III.    Protohpidoptera. 
Cell  of  hindwing  emitting  more  (  Hepialidw. 
than  6  veins.  (  Micropterygidcp. 

On  this  division,  we  get  in  one  series  (Microlepidoptera)  the  families 
placed  by  Hampson  (as  above)  at  the  foot  of  the  order,  but  also 

families  in  which  (1)  the  egg  is  flattened,  not  upright,  spherical  or 

sculptured  and  (2)  the  larva  is  "  Pyrali-form,"  the  suckerfeet  in  a  circle 
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PLATE  XXXIV— Stntomids  and  Noctcids. 

Syntoaiia  cywea,  larva. 

II  i>       popa. 

II  II       mate. 
I.  „       female. 

Aegocera  venalia  (AgarisiidK). 

Bachromia  polymeoa  (Syotonidw). 
Ceryx  godarti.  „ 

Fbycbotoe  du\-aaoelii.  „ 
Syntomii  sperbias.  „ 

Agrotis  c-nigrum,  larva  (Noctuidte). 
•I  II  II 

Poly  tela  gJoriosae  „ 

Homoptera  uinbrina  „ 
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Ceryx,  in  which  vein  3  of  hind  wing  is  absent,  is  commonly 

represented  by  two  species,  godarti.  Boisd.  (Plate  XXXIV,  fig.  7),  with 

two  abdominal  yellow  bands,  the  hind  wing  with  a  narrow  black  border, 
and  imaon,  Cram.,  with  a  broader  black  border  to  the  hind  wing. 

Syntomis,  in  which  vein  .3  of  the  hind  wing  is  present,  is  similar  in 

appearance.  S.  fossaHs,  Fabr.,  has  seven  narrow  cupreous  bands  on  the 

abdomen.  S.  cyssea,  Cram.,  a,nAS.sperbitis,  Fabr..  have  each  two  orange 

bands  on  the  abdomen,  the  former  having  a  yellow  collar,  the  latter  a 

yellow  metathoracic  patch  between  the  wings.  S.  cysaea.  Cram.,  and  (S. 

sperbitis,  Fabr  ,  have  been  reared  from  red  brown  larvsp  (Plate  XXXTV, 

figs.  1-4  and  9)  with  dense  short  tufts  of  hair  found  feeding  upon 

sweet-potato,  wild  ConvoHvulacerp  and  oats.  They  appear  to  be  the  most 
abundant  species  in  the  plains. 

/8.  po««a?w,Sulz.,  is  less  common  but  its  larva  may  be  found  upon 

bean  leaves ;  the  life-history  occupies  two  months  and  broods  succeed 
each  other  throughout  the  year. 

Ewhromia  poiymena,  Linn.  (Plate  XXXIV,  fig.  6),  has  broad  orange 

spots  on  the  wings,  two  or  more  crimson  bands  on  the  abdomen, 

and  touches  of  metallic  V)lue  on  the  thorax  and  base  of  each  wing.  It 

has  a  reddish  larva,  with  longer  tufts  of  hair  at  each  end,  which  feeds 

upon  wild  Convohvlaceo'. 

Abctiid*. 

Hindtring  with  vein  8  anastomosing  with  the  cell  to  near  or  beyond  tJte 

middle ;  th'n  remote  from.  7  ;  frenulum  pre^rU.  Forewinq  with 
vein  5  nearer  4  than^.    Hindwinq  with  vein  \c  absent. 

In  this  family  we  have  principally  small  to  moderate  sized  moths, 

often  of  bright  colouring.  The  precise  object  of  the  bright  colouring 

is  not  clear  since  the  majority  are  nocturnal  in  habit,  but  as  white  is 

often  the  ground  colour,  making  the  moths  conspicuous  in  the  dusk, 

it  may  be  a  form  of  warning  colouring. 

The  antennse  are  usually  ciliated  or  bipectinated,  the  head  small 

and  inconspicuous ;  the  proboscis  is  well  developed,  the  palpi  commonly 

short  and  porrect.  The  body  is  robust  and  hairy  or  well  scaled  ;  wings 

are  present  in  both  sexes ;  males  and  females  are  alike  in  colouring 



«yNTOMin/K.  433 

and  not  in  two  opposed  lines.  From  the  working  point  of  view  the 
Mierolepidoptera  becomes  a  useful  assemblage  of  fairly  distinct  insects. 

We  discuss  first  the  typical  Heterocera,  following  the  order  of  Hamp- 

Bon's  Catalogue  of  Lepidoptera  and  enumerating  at  the  head  of  each 
family  the  characters  given  by  him  as  regards  venation.  The  student 

will  find  descriptions,  etc.,  in  the  Fauna  of  India  and  in  the  author's 
subsequent  papers,  still  being  issued,  in  the  Journal  of  the  Bombay 
Natural  History  Society. 

Syntomid^. 

Uindwing  with  vein  S  absent  or  short,  \c.  absent.    Forewing 
toith  vein  5  nearer  4  than  fi. 

These  moths  have,  as  a  rule,  a  peculiar  facies,  the  wings  have  hyaline 

patches,  the  hind  wing  is  often  reduced  in  size.  They  are  small  or  of 

moderate  size,  the  colouring  is  bright  and  the  plains  species  are  day- 
flying.  The  student  will  confuse  them  with  Zyganidce,  from  which 

they  are  distinguishable  only  on  the  venation. 

The  life-histories  of  some  Indian  species  are  known  ;  eggs  are  round, 
yellow,  laid  in  masses  together  on  the  foodplant  or  soil ;  the  larvae  are 

clothed  in  tufts  of  hair,  dull-coloured  and  inconspicuous  as  a  rule  (Plate 

XXXIV).  They  make  a  cocoon  of  silk  and  hair  on  the  soil.  The  moths 

are  commonly  found  sitting  exposed  on  grass  stems  and  plants  by  day, 

the  conspicuous  colouring  being  apparently  warning.  Until  more  is 

known,  it  is  impossible  to  discuss  hibernation  ;  it  is  noticeable  that 

Syntomis  sperbius  and  S.  cyssea  are,  in  the  plains,  common  in  the  cold 
weather  both  as  moths  and  as  larv8B ;  larvaj  have  been  reared  on  rabi 

(winter)  crops,  as  well  as  on  kharif  (rainy  season)  crops  ;  it  is  uncertain 

whether  we  have  some  species  which  breed  only  in  the  cold  weather  and 

some  only  in  the  rains,  or  whether  some  breed  all  the  year.  Develop- 
ment is  not  rapid  and  there  are  probably  few  broods  a  year.  None 

arc  known  to  be  pests,  though  some  feed  -upon  cultivated  plants. 
Hampson  enumerates  1,100  species  in  the  Catalogue  of  Lepidoptera 

Phalsense  of  which  about  100  are  "  Indian  "  and  perhaps  ten  found  in 
the  plains. 

Paychotcs  duvauceU,  Boisd.  (Plate  XXXIV,  fig.  8),  is  a  small  dusky 

moth,  with  smoky  wings  and  the  abdomen  with  two  orange  bands,  dilated 

towards  the  apex.    It  is  common  in  the  plains  though  rarely  noticed. 
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and  appearance,  the  former  often  distinguishable  by  the  pectination  of 

the  antennae.    The  round  sculptured  eggs  are  commonly  laid  in  clusters 

3XJi 

Fig  29!»— Amsaita  albisthk.a    y  2(1.  M.  N.) 

upon  the  foodplant  and  the  moths  are  often  very  prolific.  Larva?  are 

commonly  hairy,  with  tufts  of  long  hair  or  a  dense  uniform  clothing. 

(Plate  XXXV.)  Five  pairs  of  prologs  are  present  in  all  but  one 

division  (Nolince)  in  which  the  first   pair    is    aborted.    All  the  known 

4tXZ 

Fir.  .SOO- Amsacta  alw^trica  larva  x  2  (1.;m.  N.). 

larvsB  are  herbivorous  and  the  majority  feed  openly  upon  plants. 

Pupation  takes  place  on  the  soil  in  a  cocoon  of  silk  and  hair.  Moths 

are  commonly  crepuscular  or  nocturnal  and  come  to  light  in  many  cases. 

So  far  as  has  been  ascertained,  hibernation  is  passed  as  a  pupa  in  the 

cocoon  in  a  sheltered  place  on  or  in  the  soil,  the  majority  of  the  moths 

not  emerging  until  the  first  heavy  fall  of  rain.  There  are  exceptions 

to  this  rule,  some  moths  emerging  in  the  dry  hot  weather  and  breeding 
then  if  food  is  available.  The  nunjber  of  broods  varies  from  one 

or  two  to  as  many  as  eight.  Several  are  injurious  owing  to  their  very 

great    multiplication     under   favourable  circumstances   and   to   their 
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omnivorous  habits ;  they  are  the  common  "  hairy  caterpillars  " 
which  are  well-known  pests  in  the  plains,  especially  during  the  early 

weeks  of  the  rains.  The  larvae  are  very  extensively  parasitised  by  para- 
sitic Hymenoptera  and  Tachinidse ;  there  is  some  reason  for  believing 

that  they  are  less  attacked  by  birds  than  the  Noctuidse,  for  instance, 

possibly  on  account  of  their  hairy  covering. 

Hampson  in  the  Catalogue  of  Lepidoptera  Phalspnse,  after  separating 

the  Nyd^aiincB  and  placing  them  in  the  Noctwidcp,  sub-divides  the  familv 
as  follows  :  Nohnre  without  ocelh,  with  tufts  of  raised  scales  in  the  cell ; 

LithosiincF  without  ocelli,  without  tufts  ;  Ardiince  with  ocelli,  without 

tufts.  If  the  later  classification  be  followed,  the  nomenclature  and 

arrangement  of  the  family  as  given  in  the  Fauna  of  India  is  of  no  value 

to  the  student.  The  later  arrangement  is  adopted  here  as  it  is  only  a 

question  of  time  before  a  revision  of  the  very  useful  Fauna  of  India 

volume  will  be  published. 

Nolincp. — Small  moths,  with  tufts  of  raised  scales  in  the  forewing. 

Most  are  hill  species,  the  moths  found  on  trees,  the  larvae  generally  feeding 

Fi);.  3n\—nif»r.UAyoLA  :  hAnv.r.  x  ti  (I.  M.  N.). 

upon  lichens  and  having  the  first  pair  of  prolegs  absent.  Celama  inter- 

wlla,  Wlk.  {Nola  paseua,  Swinh.),  occurs  in  widely  scattered  localities  in 

India,  the  larva  feeding  on  the  shoots  of  the  plants  of  the  genus  Rubm  ; 
the  cocoon  is  boat-shaped,  of  silk  and  pieces  of  plant,  exposed.  The  moth 
is  white,  the  forewing  marked  and   suffused  with  brown,  the  hindwing 
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numbers  at  some  seasons  and  are  almost  omnivorous  so  far  as  crops  and 

low  herbage  is  concerned.  There  ai-'  several  varieties  of  the  moth> 

the  var.  cotifusa  which  is  suffused  with  red  being  a  common  one. 

Antsacta  Ihwola,  Fabr.    (Creatonoius  emittetis),  A.  Imtinea,  Cr.,  and  A. 

Moorei,  Butl,  are  found  in  the  plains,  being   destructive   to  a  variety  of 

Fig.  302— AM8MTA    LACTtNE*    LAKVA,  Kl'LL  <.KOW  N     y   'I. 

crops.  Their  larvae  are  densely  clothed  in  dark  hair  and  appear  in  swarms 

in  the  rainy  season.  The  moths  mav  be  distinguished  by  their  colouring. 

AviKcuia  albistriga,  Wlk.  (figs.  29i),  300),  is  recorded  from  South  India, 

where  it  feeds  upon  groundnut.  (Indian  Mus.  Notes,  V,  p.  fiO.)  Creatonotus 

gangts.  Linn,  (inierruptm),  is  also  common,  the  larva  hairy  with  a  yellow 

stripe,  the  moth  pinkish  with  a  broad  black  fascia  on  the  forewing. 

Edigmene  perroUeli,  Guer.  (Alphasa  biguttata),  is  a  beautiful  moth, 

the  forewing  black  with  a  longitudinal  white  fascia,  the  hindwing  red 

with  black  blotches,  found  widely  over  the  moister  parts  of  India.  With 

it  Is  E.  vittala,  Mo.,  found  principally  in  the  Mysore  and  Nilgiri  plateau. 

PericaUia  ricini,  Fabr..  is  a  striking  insect,  the  forewing  grey-brown, 

with  series  of  dark  spots  with  Ught  edges,  the  hindwing  scarlet  with  black 

bands.  The  hairy  caterpillar 

is  a  pest  to  castor  and  Cu- 
curbUacece,  and  is  general 

over  India.  VtetheUa  jml- 
cheUa,  linn.,  is  a  common 

species  in  the  plains,  the 

motb  flitting  »bout  herbage 

in  the  day.  It  is  widely 
scattered  over  the  old  world. 

The        brightly      coloured  rig.  stti— Ammacta  lautihea  (I.  M.  N.). 
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tinged  with  fuscous  iji  the  female,  with  yellow  in  the  male.  N(Aa  argen- 

talis.  Mo. ,  is  found  in  Sikkim,  its  larva  being  stated  by  Dudgeon  to  mimic 
a  Coccid  which  lives  on  the  same  leaves.  Rcesdia  fola,  Swinh.,  was  found 

by  de  Nic6ville  in  Calcutta  on  country  almond  [Terminalia  catappa)  and 

he  figures  it.  (I.  M.  N.,  V,  pi.  X).  We  reproduce  his  figures.  R.  Hgni- 

fera,  Wlk.,  also  occurs  in  Mhow  (Forsayeth),  and  Dudgeon  describes  the 

larva  as  making  a  cocoon  of  pieces  of  rotten  wood,  bark  and  interlaced 

long  hairs. 

Lithosiin(e.  Brightly  coloured  moths,  small  or  moderate  in  size, 

flying  by  day  or  in  the  dusk.  The  larva  has  few  hairs  and  frequently 

feeds  on  lichens,  the  pupa  being  in  a  thin  cocoon  of  hairs.  Ikma  vicaria, 

Wlk.  (Lithosia  antica,  Wlk.),  though  a  hill  species,  occurs  sparingly  in  the 
plains,  a  small  moth  with  narrow  wings,  lead  colour,  with  a  yellow  margin. 

Ohionwma  (Cyana)  peregrina,  Wlk.,  is  a  white  moth  with  wings  banded 

in  scarlet,  found  in  the  moister  parts  of  India.  Asura  (Nepita)  conferta, 

Wlk.,  is  perhaps  the  most  common  of  the  family  after  Utetheisa.  The 

dark-coloured  caterpillar,  with  tufts  of  hair  and  orange  spots,  is  very 
abundant  in  the  rainy  season,  on  house  walls,  paths,  verandahs,  etc.  ; 

it  feeds  on  lichens  and  often  appears  in  great  numbers  in  towns.  The 

moth  is  orange,  the  forewings  banded  with  black,  the  hindwing  orange, 

with  a  terminal  black  band.  Asura  (MiUochrista)  semifascia,  Wlk.,  is 

a  small  moth,  pale  yellow  in  colour,  the  forewiug  lined  and  spotted  with 

black.  The  larva  feeds  on  mosses ;  it  is  clothed  in  black  hair,  "  which 

opens  out  at  the  joints  when  it  rolls  itself  into  a  ball.^'    (Hampson.) 

Arctimce.  Brightly  coloured  moths,  of  moderate  size  and  with  stout 

bodies  ;  the  larvae  have  five  pairs  of  prolegs  and  are  clothed  in  long  hair  ; 

the  pupa  is  in  a  cocoon  formed  of  silk  and  hair.  Most  are  hill  species, 

a  considerable  number  widespread  through  the  plains. 

Diacrisia  is  a  large  genus  with  many  Indian  species.  D.  Miqua, 

Wlk.  (Spilosoma  todara,  daXbergiw,  bifascia),  is  common  in  and  near  the 

hills  and  in  forest  localities  ;  it  is  the  predominant  hairy  caterpillar 

of  Behar  and  occurs,  for  instance,  also  at  Poona  ;  the  larva  is  hairy,  the 

ground  colour  black  and  yellow,  the  long  hairs  black  or  black  and  white. 

(Plate  XXXV.)  It  has  as  many  as  eight  broods  in  a  year,  a  single 

generation  taking  from  five  weeks  in  the  rains  to  2  J  months  in  the  cold 

weather,  though  the    latter    is    exceptional.    They   are    found  in  vaat 
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caterpillar  feeds  upon  Sann  Hemp  and  wild  Crotalaria.  (Agric.  Journ. 
India,  Vol.  I.)  Rhodogastria  astreas.  Dr.,  occurs  widely  spread  through 
the  hills  and  plains.  The  larva  is  green  with  few  hairs  and  series  of 

black  spots  ;  the  moth  is  noticeable  by  the  hyaline  winga  clouded  with 
fuscous  at  the  margins. 

Fie.  304— Amhacta  hoorei  x  2. 

Collecting. — In  this  group  what  is  most  required  is  careful  study  of 
larvae,  their  food  habits  and  their  times  of  occurrence.  There  is  a  great 
deal  to  be  learnt  about  this  family,  which  is  an  important  one,  and  every 
opportunity  of  rearing  new  larvte  should  be  seized.  The  foodplants  are 
varied  and  require  careful  observation.  The  number  of  broods  is  a  very 

important  point  as  this  is  a  family  which  apparently  reacts  very 

markedly  to  climatic  influences  ;  a  great  mass  of  information  is  required 
before  we  can  be  in  a  position  to  generalise  on  this  point,  and  much  inter- 

esting work  has  to  be  done.  Each  species  must  be  studied  distinctly 
and  in  detail  and  every  capture  and  date  will  ultimately  be  valuable. 

AOARISTID.*. 

Antennae  dilated  towards  the  apex  :   Hindwing  with  vein  8 

anastomosing  wUh  the  ceU  at  base,  then  retnote,  vein  Ic. 
absent.    Foremng  ttrUh  vein  5  nearer  4  than  6. 

A  small  and  unimportant  family  of  moths,  mostly  of  moderate  size, 

found  flying  by  day.  They  are,  as  a  rule,  brightly  coloured  and  resemble 
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Nodtiida:  The  larvas  are  clothed  with  long  scattered  hairs  and  have 

lateral  tufts ;  the  pupsp  are  naked,  without  cocoon.  None  are  of  any 

economic  importance.  Hampson  enumerates  six  genera  and  34  species 
as  Indian,  of  which  5  are  not  confined  to  the  hills. 

Exmila  (Eusemia)  victrix, Westw.,  wicurs  in  North-West  India  and 

Burma.  It  is  a  large  moth,  the  forewing  black,  spotted  with  blue  and 

yellow,  the  hindwing  blue  and  black.  Euse.inia  adulatrix,  KoU.,  is 

common  throughout  the  hills  of  India.  The  black  forewing  is  banded 

with  yellow  and  has  blue  spots  at  the  base  ;  the  hindwing  is  black  with 

red  or  orange  spots.  The  genus  Zcdissa  is  by  Hampson  placed  in  the 

Noctuidw  in  the  new  volume.  Aegocera  venuUa,  Cram.  (Plate  XXXIV, 

fig.  ")),  and  A.  bhnacula,  Wlk.,  are  the  common  plains  species ;  the 
palpi  are  clothed  with  long  hair,  the  antenna?  dilated,  the  forewing  is 

red-brown  with  a  light  median   streak. 

NoCTUIDvB. 

AniennfF  not  dilated,  hindtring  with  vein  8  anastomosing  with  the  cell 

at  base  then  diverging,  Ic.  absent.  Frenulum  "present.  Foreiring  with 

.")  from  nearer  4  than  (5.  Maths  with  short  robust  bodies  ;  moderate, 
antennce,  which  are  periinate  in  iJte  males  of  a  few,  •usually  simple  or 
ciliate.  The  forewing  is  stiff  and  narrow,  the  hindwing  larger.  Colours 

usually  sombre. 

This  very  large  family  includes  moths  varying  from  one-quarter  of  an 
inch  to  five  inches  in  expanse,  the  majority  of  about  two  inches.  Some 

of  the  very  largest  moths  are  included  in  this  family  as  well  as  some  of 

the  smaller.  The  colours  are  mainly  cr)rptic  and  sombre  combined  often 

with  deceptive  colouring,  often  so  assimilating  the  insect  to  its  surround- 

ings that  it  habitually  spends  the  day  sitting  motionless  on  a  tree-trunk 

ur  stone,  securely  protected  by  its  invisibility.  There  is  a  general  similar- 
ity of  facies  about  the  majority,  which  helps  in  placing  them,  whilst 

some  have  the  form  associated  with  other  femiliea.  The  antennae  are 

moderately  long,  usually  simple  or  ciliated,  Bometimes  pectinate.  The 

labial  palpi  are  prominent  and  are  of  value  in  the  classification,  being 

porrect  or  upturned,  in  some  very  large  and  conspicuous.  The  probos- 
cis is  usually  present.  The  thorax  is  robust  and  densely  scaled  or  hairy, 

the  abdomen  short,  thick  and  evenly  tapering,  clothed  in  hair  and 





PLATE  XXXVI.^NocTDiDJ5. 

Fig.  1.     Zalism  ve&OM.     Imtva  fall-grown. 
5 Larvft,  Snd  and  3rd  abdomiaal  ugmeau 

3.  „  „  „       with  cocoons  of    biMonid    p«r«8ltic 

UrvK  tliat  have  emerged  from  it  and  popated. 

4.  Znliaaa  venoaa.     Pupa. 

5.  „  „         Hind  end  of  papa. 
6           ,.  „  Mot&. 

7.  Cosmofhita  eroM,     Female. 
8.  .,  M<Ue. 
9.  Eablemma  cretacea. 





9 
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A  considerable  number  have  a  large  number  of  foodplanto,  including 

cultivated  plantu,  and  these  often  become  injuriously  abundant.  The 

pests  fall  into  several  series,  as  pests,  including  the  seed-eating  species, 

the  surface  caterpillars,  the  swarming  caterpillars  and  leaf-eating  cater- 

pillars. None  are  household  or  grain  pests.  These  insects  have  many 

enemies,  notably  the  parasitic  Hymenoptera  and  Diptera.  These  para- 
sites can  very  commonly  be  reared  from  the  larva?  or  pupse  and  constitute 

a  very  important  check  without  which  the  crop  feeding  species  would 

be  far  more  frequently  injurious.  Predaceous  insects  {e.g.,  Carabidce) 

also  attack  the  larva;,  and  the  fossorial  Hymenoptera  carry  them  off  to 

store  for  their  young.  Birds,  especially  Mynas,  attack  the  larvae,  and  the 

moths  are  probably  destroyed  by  birds  and  bats. 

The  family  is  a  very  large  one,  Hampson  listing  more  than  2,000 

Indian  forms,  the  majority  of  which  are  from  the  hills.  The  number  of 

species  actually  generally  distributed  outside  the  hill  and  forest  areas  is 

probably  within  •MX),  but  these  have  not  been  as  carefully  collected. 

About  fifty  are  known  as  crop  pests  or  feeders  on  cultivated  plants  and 

this  number  will  probably  be  increased. 

Hampson  in  the  Fauna  of  India  divides  them  into  nine  sub-families. 

In  his  more  recent  (Catalogue  of  Lepidoptera  Phala;n»e.  wherein  he  lists 

the  species  of  the  world,  the  classification  is  revised  and  fifteen  sub-fami- 

lies are  recognised.  While  this  is  probably  a  more  natural  classification, 

it  is  as  yet  incomplete,  and  as  the  nomenclature  formerly  used  differs 

markedly  from  that  now  being  published,  the  revised  nomenclature  is 

used,  when  possible,  with  the  old  in  a  bracket,  thus  admitting  of  reference 

to  the  volumes  on  the  Fauna  of  India ;  the  sub-families  adopted  are  those 

of  the  Catalogue,  and  we  have  followed  Dudgeon*  in  placing  the  genera 
in  their  sub-families. 

Key  to  the  Sub-famiues. 

A.  llazillary  palpi  absent. 

B.  Hindwing  with  vein  5  obsolescent  from  or 

from  just  below  middle  of  discocellulars. 

C.  Mid  and  hind  tibi«e,  or  hind  tibiae 

only  epined  . .  . .  . .       Agrolina. 

*  We  bHV"  to  thank  Dr.  Amutmiale  for  |<criniMion  to  n«e   tbe   UudKwn  collection 
h:  .angemviit. 
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often  tufted.  The  legs  are  of  moderate  mze,  the  tibiae  often  with  spurs 
and  spines.  Males  are  distinguished  by  many  minor  characters  such 

as  the  pectination  or  ciliation  of  the  antennee,  the  presence  of  scent 

diffusing  hair-tufts  on  wings  or  legs  and  rarely  by  the  different 
colouring  ;  females  are  usually  the  larger. 

The  life-history  in  all  is  uniform  in  general  characters.  The  eggs  are 
round  and  the  micropyle  is  at  the  top  ;  most  are  a  pearly  white  or  dull 

green,  beautifully  ribbed  and  sculptured ;  they  are  laid  singly  or  in 
clusters  on  the  f  oodplant,  the  clusters  sometimes  covered  with  hair.  The 

larvae  have  three  to  five  pairs  of  prolegs,  the  first  two  pairs  being  reduced 

in  some  sub-families  when  the  motion  approaches  that  of  the  true  looping 
caterpillars  ;  these  larvae  are  known  as  semi-loopers  and  it  is  worth  note 
that  the  first  two  pairs  of  prolegs  are  proportionately  less  developed  in 

the  young  than  in  the  old  larva.  The  hooks  on  the  prolegs  are  arranged 
in  two  opposed  lines  and  not  in  a  circle.  As  a  rule,  the  larvae  are  not 

clothed  in  hair,  nor  do  they  have  long  processes.  The  typical  larva  is 
smooth  with  regularly  disposed  short  hairs  and  a  dull  brown  or  green 
colouring.  (Plate  XXVIII,  figs.  2,  5.)  With  very  few  exceptions  they  are 
herbivorous,  a  few  boring  in  plants,  the  majority  living  on  leaves. 
Eublemma  is  the  sole  genus  known  to  include  larvae  which  habitually 

feed  on  mealy  bugs,  but  many  leaf-eating  larvae  are  cannibals  if 
confined  with  insufficient  food. 

Pupation  takes  place  in  the  soil  with  no  cocoon,  but  a  case  of  consolid- 
ated earth,  on  the  surface  with  a  cocoon  and  leaves,  or,  more  rarely,  on 

plants  in  a  cocoon.  The  imago  is  nocturnal,  emerging  at  dusk.  Hiber- 
nation, when  it  occurs,  takes  place  normally  in  the  resting  larva  or  pupa 

stage,  a  few  living  through  the  winter  in  hiding  as  imagines.  Some  are 
active  through  the  winter,  especially  in  the  moister  parts  of  India,  but 

the  majority  have  food  only  in  the  rains.  A  number  emerge  as  imagines 
in  March  and  live  until  the  rains  if  their  foodplant  is  not  available.  Little 
is  known  as  to  the  food  of  the  imago,  but  it  is  certain  that  some  feed  on 

nectar,  on  fruit  juice  and  on  the  sap  exuding  from  plants.  Some  {e.g., 

Opkideres)  are  habitual  feeders  on  the  juice  of  fruits,  piercing  the  rind  with 

their  proboscis  to  obtain  the  juice.  In  some  reproduction  is  very  rapid 

and  the  number  of  eggs  laid  totals  hundreds  and  in  some  cases  thousands. 

The  smaller  forms  destructive  to  crops  have  several  broods  yearly,  the 
larger  fonns  and  wild  forms  only  one  or  two. 
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C.C.    Mid  and  hind  tibiae  not  spined. 

D.    Eyes  hairy  . ,  . .  , .  HadenincB. 
D.D.    Eyes  not  hairy. 

Eyes  with  long  overhanging  cilia  . .        CucvlUance. 

Byes  not  ciliated        . .  . .  . .       Acronyctince. 
B.B.    Hindwing  with  vein  5  well  developed. 

C.    Hindwing  with  vein  5  more  or  less  approxi- 
mated to  4  at  base. 

D.  Frenulum  of  female  simple. 
Abdomen  with  lateral  anal  pencils  of  hair  . .       EutdiancB. 

Abdomen  without  anal  pencils  of  hair  ;  forewing 

with  tufts  of  raised  scales  in  cell  . .       StictopterincB. 
D.D.    Frenulum  of  female  multiple. 

E.  Retinaculum  of  male  bar-shaped. 
Forewing  with  tufts  of  raised  scales  in  cell        SarrothripincB, 
Forewing   without  tufts  of  raised  scales  in  cell    Acontianw. 

E.E.    Retinaculum  of  male  not  bar-shaped. 
F.  Mid  tibiae  spined  . .  . .  . .        Calocdlinw. 

F.F.    Mid  tibiae  not  spined. 
G.  Eyes  hairy    , .  . .  . .  . .       Momince. 

G.G.    Eyes  not  hairy. 

H.    Eyes  with  long  overhanging  cilia  . .       Plmiancs. 
il.H.    Eyes  not  ciliated. 

Hindwing  with  vein  5  from  close  to  lower  angle 
of  cell,  strong  . .  . .  . .        Noduinw. 

Hindwing  vein  5  from  well  above  angle  of  cell, 
rather  weak  . .  . .  . .       Erastriance. 

C.C.    Hindwing  with  vein  5  parallel  to  4  ..       Hypenince. 
A. A.    Maxillary  palpi  present  . .  HyUceincB. 

As  the  further  classification  is  based  on  venation,  necessitating  the 

preparation  of  wings,  and  requiring  more  study  than  is  desirable,  the 

venation  has  been  disregarded  and  reference  to  it  omitted.  For  accurate 

identifioation,  the  venation  must  be  made  out  and  it  is  not  the  purpose 

of  this  volume  to  enable  species  to  be  identified.  The  student  of  the 

family  will  find  this  in  the  two  works  mentioned  above  and,  unless  the 

family  is  to  be  very  closely  studied,  it  is  advisable  not  to  attempt  to 

identify  a  species  solely  from  the  data  available  in  those  volumes,  and 
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without  a  reference  collection.    With  so  large  a  group   much  must  be 

omitted,  and  we  have  selected  for  mention  those  species  only  which  are 

MU'>   -C'ULOKIIIKA  ORSOLKTA  VVVA   *NI>  MOTH    X    2. 

likely  to  be  found  as  croj)  })est8,  which   are  found  feeding  on  common 

plants  or  which  are  striking  and  likely  to  be  noticed. 

Agrolitue.—HampBon  lists  1,200  species,  of  which  about  a  tenth  are 
Indian  in  the  very  broadest  senw.  i.e.,  reach  some  part  of  the  Himalayan 
region  of  British  India.  A  very  small  number  get  beyond  the  Himalayas 
•Southwards  into  India  proper,  these  occurring  principally  in  hill  locali- 

ties such  as  the  Nilgiris  and  Western  Ghauts.  The  proportion  of  pain- 
arctic  species  ranging  completely  across  Northern  Europe  and  Asia  is 

ver}-  striking  and  a  number  of  these  extend  into  the  Himalayas  and  rarely into  submontane  districts  of  India. 

('hltnidea  (Heliothis)  includes  three  species  common  in  the  plains. 
C.  obtolela,  F.  (armigera),  is  olive-grey  or  reddish  brown,  with  the  post- 
medial  line  indistinct  and  dentate.  C.  aatuUa,  Guen.,  is  orange  to  orange- 
brown,  with  a  starongly  marked  postmedial  line  that  is  hardly  dentate ; 
C.  pdtigera,  8ch.,  is  ochreous  to  orange,  with  a  black  sub-termiDal  point 
above  the  tornus.  The  fust  is  the  universal  pest  known  as  the  Ameri- 

can boUworm.  It  is  an  omnivorous  insect,  whose  life-history  is  elsewhere 
described  in  detail.    The  second  is  a  leas  abundant  species,  feeding  on 
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tobacco  and  tipari  in  the  plains.    The  third  is  European  and  recorded 
from  scattered  localities  in  India. 

Adisura  (Ohariclea)  marginalis,  Wlk.,  is  a  pretty  pink  and  yellow 
moth  common  in  the  plains.  A.  atcinsoni.  Mo.,  is  also  common,  but  has 

apparently  not  been  reared.  The  genus  Agratis  as  it  stands  in  the  Fauna 

of  India  is  now  divided  on  structural  characters,  the  majority  falling  into 

Agrotis  and  Euxoa.  The  former  includes  A.  ypgilon,  Rott.,  the  "  Uni- 

versal Greasy  Cutworm"  and  the  very  common  A.  flammMra,  Fabr. 
Both  species  have  a  curious  habit  of  hiding  in  sheltered  spots  in  house.s 

in  the  cold  weather,  and  the  latter  especially  is  found  in  thatched  roofs. 

In  March  the  moths  emerge,  and  when  my  oflBcewas  in  a  thatched  barn, 

living  fiammatra  moths  used  to  fall  out  of  the  thatch,  tightly  wrapped 

in  a  clothing  of  spiders'  web ;  apparently  the  moths  hibernated  there, 
were  spun  up  by  spiders,  woke  up  in  March  and  in  struggling  to  escape 

fell  out  of  the  thatch.  Agrotis  r-nigrvm,  Linn.,  and  A.  descrifta,  Brem., 
also  breed  in  the  plains  but  rarely.  (Plate  XXXIV,  figs.  10,  11.) 

Euxoa  includes  E.  segetis,  Sch.  (suffusa),  E.  corticea,  SchiiT.,  and 

E.  spinifera,  Roth,  (biconica).  with  other  less  common  species.  The  larvsp 

of  these  behave  as  Surface  Caterpillars,  j  ust  as  the  larva  of  A .  ypsilon  Rott. , 

does ;  all  are  figured  in  the  Agricultural  Journal,  Vol.  II,  p.  42,  and  in 

Memoirs  of   the  Agric.  Dept.,  Entom.,  Vol.  I,  No.  2. 

HadenincB. — Hampson  lists  946  species  in  the  world  of  which  over 

120  are  "  Indian.  "  Nearly  all  of  these  are  species  occurring  in  Central 
and  Northern  Asia,  which  extend  into  the  Himalayas  and  rarely  into 

the  Khasis.  A  few  are  pecuhar  to  India  and  Ceylon,  while  a  few  range 

over  the  Indo-Malayan  or  Indian  and  Indo-Chinese  area.  GJottida 
dominica,  Cram.,  is  a  dull  brown  moth,  the  forewing  with  a  series  of 

sub-marginal  lunules,  the  hindwing  white.  The  larva  bores  into  the 

fleshy  leaves  of  lilies  and  is  black,  thickset  and  warty,  spotted  with 

white,  the  head,  legs  and  two  ends  of  the  body  marked  with  red.  It  is 

a  conspicuous  insect  with  apparently  warning  colouring.  Polytela 

glorioaa,  ¥.,  has  a  somewhat  similar  larva,  but  smooth,  and  slightly 

differently  marked.  It  feeds  upon  the  leaves  of  Amaryllids  and  the 

moth  is  blue-black,  with  orange  specks,  the  hindwing  alone  fuscous, 

with  orange  cilia.  It  is  a  pretty  and  striking  insect  with  more  beauty 

than  most  of  its  family.    (Plate  XXXIV,  fig.  12.) 
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Cirphis  (Leucania)  includes  two  very  common  species  known  as 

pests  in  the  plains.  C.  untpuncto,  Haw.,  is  the  destructive  "  Army  worm" 
of  world-wide  distribution,  whose  larvae  feed  upon  rice,  maize,  juar  and 
other  crops,  occurring  often  in  very  great  abundance.  There  is  a 

voluminous  Uterature  regarding  this  insect,  one  of  the  best  accounts  being 

Tryon's  (Queensland  Agric.  Joum.,  1900,  p.  1.35).  He  states  that  the 
moth  lays  500  to  700  eggs,  there  being  two  broods  yearly  in  Australia  ; 
abundant  enemies  and  parasites  check  its  excessive  multiplication  nor- 

mally. The  larva  may  be  known  by  the  plate  over  the  base  of  each 
suckerfoot,  a  character  not  found  in  other  Indian  injurious  Noctuids. 

C.  hreyi,  Dup.,  is  also  found  upon  cereals,  but  t^e  larva  occurs  also  under- 
ground, feeding  upon  the  roots  of  plants  or  coming  out  at  night  to  feed. 

C.  fragilis,  Butl,  is  reported  as  having  been  destructive  to  wheat  in 
Chindwara,  but  has  not  been  found  since  that  time  as  a  pest. 

Borolia  is  most  commonly  represented  by  B.  venalba.  Mo.,  whose 
larva  feeds  upon  rice  leaves. 

Polia  (Hadena)  is  a  large  genus  of  moths  superficially  like  Agrolia, 
but  with  hairy  eyes  and  tufts  on  the  abdomen.    P.  consanguis,  Guen.» 

fig.  306— KVHCOnJk  W.  LAKVA  OK  OtlMfM  K  2 
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with  several  varieties,  is  common  and  has  been  reared  from  pupae  found  at 
the  roots  of  trees. 

CucidiincB — ^Hampson  lists  50  out  of  590  species  as  Himalayan, 
Khasi  Hills  or  Kashmir.  One  only  extends  further  South,  Euscotia 
inextricaia,  Mo.,  being  found  in  the  Nilgiris  and  Himalayas.  We  have 
one  other  and  apparently  undescribed  species  or  variety  reared  at  Pusa 
on  Oeimum  canum. 

Acronyctinw.  Euplexia  conduda,  Wlk.,  feeds  on  Niger  seed.  Jute, 
SaflSower  and  on  Coreopsis.  It  is  not  uncommon  on  the  former  plant. 
The  smoky  form  dolorosa  feeds  on  Kakaronda  {Blumea  bdsamifera). 

E.  melanospila,  KoU.,  is  a  moth  of  varied  markings  with  dark  green 
and  dark  brown  ground  colour,  common  in  the  plains.  E.  indistans, 
Guen. ,  has  been  reared  from  larvae  found  in  the  soft  bark  of  the  Gular  tree 

(Fu!U8  glomerata),  whither  they  had  retired  to  pupate.  Others  were 
found  under  the  bark  of  teak. 

Mudaria  cornifrons,  Mo.,  is  a  grey  moth  with  fuscous  markings  dis- 
tinguished by  the  possession  of  a  three-pointed  chitinous  process  on  the 

frons.      Its    larva   is   commonly 

found  feeding  in  the  pods  of  silk 
V  •  cotton     {Bombax    nuUdbaricum). 

>w  y*^  It  "  hibernates  "  as  a  pupa  from 
^sJi^^  May   or  June  to  the    following 

j^HP  March,  in  the  soil ;  this  has  been 

^^^^B  conclusively    proved    by    actual 

^^^^B  breeding  in  the  Pusa  insectary. 

^^^^^^L  Prodenia     littordlis,     Boisd.,    is 

^^^^^^^^l  widely  distributed  and  commonly 

y^  ̂ ^^^^B  ̂   *  destructive;  its foodplants include 
^^^^^H  a   great    number   of    wild   and 

^^Hj^H  cultivated  plants.    (Mem.   Dept. 

m^^^  Agric,  Ent.,  Vol.  I,  No.  2.)    The 
larva,  up  to  the  last  instar,  may 

Fig.  a07— MunAKiA  <k>rnifron8.  be    known   by    the     transverse 

raised  black  band  across  the  first 

abdominal  segment  above.  A  full  account  is  given  in  Mem.  Agnc. 

Dept.  Ind.,  Ent.,  Vol.  II.  No.  6. 
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Syodoftera  mauritia,  Boisd.,  is  a  grey  and  black  moth  with  a  blotch 
of  white  on  the  forewing,  distinguished  by  the  immense  tufts  of  hair  on 

the  forelegs  of  the  male.  The  larva  feeds  on  rice,  grasses  and  millets' 
appearing  sometimes  in  great  abundance  in  the  rains  and  soon  after. 
It  is  often  obtainable  on  dubh  grass  (Cynodon  dactylon)  lawns,  with  other 

noctuid  larvBP.  Berresa  turpis,  Wlk.,  is  a  smaller  dark-coloured  moth, 
most  easily  recognised  by  the  vesicle  in  the  cell  of  the  male  forewing, 
covered  by  a  tuft  of  scales  below  ;  it  is  common  at  the  close  of  the  fains. 

Amyna  sflenampha,  Gnen.,  and  A.  octo,  Guen.,  are  deep  brown,  with 
slender  upturned  palpi  and  tapering  abdomen,  found  under  trees.  The 
larva  of  the  latter  has  been  reared  on  sweet  potato,  a  green  larva  with 
two  black  crescents  on  the  thorax  above.  The  former  is  recorded  by 

Green  as  a  serious  pest  to  the  Croton  Oil  plant  in  Ceylon. 

CaUojnstria  recurvata.  Mo.,  is  the  only  common  species  of  the  number 
found  in  India  ;  the  male  has  curiously  curved  antennae  with  three 

spatulate  hairs  at  the  curve,  the  legs  also  densely  clothed  with  long 
hair. 

Caradrina  is  a  genus  of  many  species,  of  which  one  is  abundant 
and  destructive.  This  is  the  cosmopolitan  C.  exigua,  Hubn.,  a  very 

widely  distributed  species,  destructive  to  a  number  of  crops  but  partic- 
ularly to  indigo  in  its  young  stage.  (See  Agric.  Joum.,  India,  Vol.  1, 

pt.  IV,  for  a  full  account.)  This  moth  is  like  a  small  Euxoa  tegetis,  but 

has  no  spines  on  the  legs.  Caradrina  pecten,  Guen.,  was  reared  from 

larvae  found  in  the  dubh  grass  on  a  lawn  and  is  apparently  common.  Th^ 
larva  is  brown  and  orange  with  black  stripes,  the  pupa,  as  usual,  in  the 
soil. 

Nonagria  unifonnis,  Ddgn.  (Plate  XXXVII,  fig.  7),  has  been  the 

subject  of  much  inquiry,  since  it  is  the  inportant  atem-borer  of  wheat 
in  Ike  cold  weather ;  it  then  attacks  sugar-cane  and  injnres  the  young 
shoots  and  canes ;  it  has  been  reared  in  maise,  guinea  grasB  and  juar,  and, 

finally,  it  severely  attacks  rice.  The  pink  caterpillar  is  a  borer,  not  feed- 
ing in  the  open.  The  moth  is  dry-grass  colour ;  the  species  is  not  recorded 

in  the  Fauna  of  India,  bat  was  described  since,  and  the  species  N.  «n* 
ferent  was  probably  confused  with  this,  since  the  apcctmens  in  the  Indian 

Museum  and  the  Posa  collection,  from  which  it  wa'  described,  are  all 
stated  by  Mr.  Dudgeon  to  be  his  species,  N.  unifornm. 
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EuteUincB. — A  single  genus,  Eutdia,  is  common  in  our  limits  with 
four  species,  E.  ddatrix,  Guen. ;  E.  jocosatrix,  Guen. ;  E.  nugatrix,  Guen. : 
E.  faviUairix,  Wlk. 

Stictopt&rince. — Riaoha  dbstruda.  Mo.,  feeds  on  QuisqiMlis  indica 
and  is  common  in  the  plains.  Odontodes  cAeuca,  Guen.,  is  a  deep  brown 
moth,  with  black  stipples  and  a  crenulate  margin  to  the  forewing,  found 
generally  in  the  plains. 

SarrothripintB. — The  wings  are  commonly  narrowed  at  the  base,  of 
even  width  otherwise,  with  patches  of  raised  scales  on  them.    The  palpi 

FifJ.    atlH— PutTHBIA  OKLTISLAHNA,   fOOOON  ANI> 

PELLETB,  COt'CION,  IMAOO.   (I.  M.  N  ) 

are  porrect  or  upturned.  PZo<Aetacefew,  Mo.,  is  a  small  grey  brown  moth 
with  a  spiral  dark  line  on  the  forewing.  Its  larva  feeds  on  the  leaves  of 

litchi  {Nephelium  litchi)  and  gular  (Ficus  glomerata) ;  it  is  rather  sparsely 

clothed  with  long  grey  hairs  which  project  over  the  head  and  tail  and  from 

the  sides  ;  a  rough  silken  cocoon  is  formed  on  the  soil  covered  with  excre- 

ment ;  the  life-history  is  rapid,  less  than  one  month  in  June.  De  Nic«''ville 
records  it  also  (Ind.  Mus.  Notes,  V,  p.  108)  as  feeding  on  the  leaves  of 
Terminalia  catappa,  the  country  almond,  and  Omdina  aiiorea.  Another 

species,  P.  nepheloHs,  Meyi.,  has  been  found  feeding  on  t^e  leaf  of 
Brinjal  {Solanum  mdongena)  and  this  appears  to  be  a  common  pluos 
species.  The  larva  is  short  and  thickset,  dark  coloored  with  brilliant 

yellow  spots  and  long  hairs.  It  turns  the  edge  of  the  leaf  over  and  lives 
within. 

UL  39 
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CMumaia  transversa,  Wlk.,  is  worbh  mantioa  as  de  Niceville  records 

it  (Ind  Mus.  Notes,  V,  p.  125)  as  boring  in  the  shoots  of  mango  at  Dehra 
Dun.  It  is  found  in  this  habitat  also  in  Bombay  and  has  once  been  reared 
on  litchi  leaves  with  a  batch  of  Plotheia  cdtis.  Cletthara  aceptica,  Swinh. , 

is  a  small  grey-black  speckled  moth,  whose  green  semi-looping  larva  was 
reared  from  velvet  beans.    It  appears  to  be  rare. 

AcontiincB. — Acontia  includes  larger  moths  of  a  yellow  colour 

(Plate  XXXVII,  fig.  9)  whose  larvae  are  found  on  cotton,  bhindi  {Hibis- 

cus  esculentus)  and  other  Mdvacem.  The  larvae  are  green  with  white 

spots  and  short  hairs,  having  three  pairs  of  prolegs.  Four  species  are 

mentioned,  all  occurring  commonly,  A.  mahcB,  Esp.,  A.  transversa,  Guen., 

A.  irOersepla,  Guen.,  and  A.  graUsii,  Feisth.,  though  we  doubt  their  real 

distinctiveness.  The  larva  of  Carea  subtUis,  Wlk.,  has  been  reared  on 

the  Jamun  ixee  (Eugenia  jambolana) ;  it  has  a  curious  voluntary  dilata- 

tion of  the  first  thoracic  segment,  which  gives  it  a  quaint  appearance. 

It  pupates  under  the  bark  in  a  cocoon  of  beautiful  white  silk. 

CaUyna  jugaria,  Wlk.,  is  a  beautiful  moth,  the  forewing  deep  purple 

with  grejiah  lines  and  an  apical  light  spot,  found  throughout  India, 

though  rarely. 

Catocalinm—Anisoneura  hypocyanea,  Guen.,  is  the  large  deep  brown 

moth  with  many  dark  markings  which  emerges  in  June  and  is  found  on 

the  bark  of  trees  in  the  rains  and  flying  in  the  dusk.  It  has  an  expanse 

of  3J  to  5  inches,  and  is  most  beautifully  coloured  in  deep  brown  and 

black  to  harmonize  with  the  bark  when  both  wings  are  spread  fully  out. 

Nyctipao  includes  large  deep-coloured  moths  up  to  five  inches  in 

expanse,  with  posterior  tibiae  spined ;  the  large  ocellus-like  markings 
on  the  forewing  are  very  striking. 

Four  species  are  found,  N.  mac- 
rops,  Linn.,  N.  hieroglyphica,  Dr., 

N.  caprimulgus,  F.,  and  N.  crepus- 
cidoris,  linn.  The  male  of  the 

first  is  characterised  by  an  immen- 
se toft  of  buff  flocculent  hair  in  a 

costal  fold  of  the  hindwing. 

Rem/igia  includes    two   moths 
of    moderate  size,   brown  with 

Fig.  a»— BKMMnA  AKCHIWIA.  .  ,      ,.  ,^  i       • 

vanegated   lines.      It.  arehetui, 
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Cram.,  is  deep  brown,  its  larva  is  yellow-greea  with  broad  black 
stripes  and  attains  a  length  of  two  inches  ;  the  foodplants  include 

such  cultivated  leguminossB  as  Urid  (Phaseolus  mnngo)  and  indigo. 

It  is  one  of  the  many  caterpillars  found  upon  indigo  in  the  rains  and 

is  sometimes  extremely  abundant.  R.  frugaiis,  Fabr.,  is  greyer  and 

less  distinctly  marked  ;  the  brown  larva  lives  on  rice,  juar  and  other 

Graminesp,  pupating  in  a  cocoon  surrounded  by  leaves.  It  is  a  common 

insect,  not  known  to  be  often  injurious.  Trigonodes  hyppasia,  Cram., 

is  readily  recognised  from  the  very  distinct  markings ;  the  yellow 

semi-looping  larva  feeds  on  indigo  and  other  leguminosse,  with  Remigia 

arehesia.  The  moths  are  often  extremely  abundant  in  long  grass  and 

are  found  at  almost  all  times.  T.  cepAise,  Cram.,  though  recorded  only 
from  Burmah,  is  found  in  India. 

Fijt.  310— RRMIOIA  FBD04LI8.  Fig.   .3ll-THlr.ONOt)BS   HYPPA8IA, 

Grammodes  geomdriea,  F.,  is  closely  allied,  the  markings  distinct 

and  recognisable,  found  also  in  grass ;  the  larva  feeds  on  rice.  G.  stoUda, 

F.,  a  smaller  moth  is  also  found,  though  more  rarely.  Spirama  retorta. 

Cram.,  and  S.  vespertilio,  Fabr.,  are  large  dark  moths  with  the  pecu- 

liar "  inverted  comma  "  marking  on  the  forewing.  In  the  former  the 
female  has  the  ground  colour  ochreous,  the  male  having  the  forewing 

wholly  dark.    This  insect  appears  in  the  hot  weather. 

Ophiuaa  is  a  large  genus  of  moderate-sized  moths  with  upturned 

palpi,  the  tibiae  fringed  with  long  hair  in  the  male.  The  larva  is  semi- 
looping,  with  the  first  or  first  two  pairs  of  prolegs  obsolescent  and  with  a 

double  process  on  the  hind  end  of  the  body.  There  are  several  common 

species,  the  most  abundant  being  0.  mdicerte,  Dr.,  the  common  pest  of 
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castor  which  also  feeds  upon  the  common  wied,  dudhi  {Euphorbia  piluli  • 
fera.  For  a  full  account  see  Mem.  Agric.  Dept.,  Eiit->  Vol.  II,  No.  3.     0. 
algira,  Linn.,  also  feeds  on  castor  but  appears  to  be  rarer.    Other  common 

species  are,  0.  aerva,  Pabr. ;  0.  Mibata,  Pabr. ;  0.  palumba,   Guen.  ;  0. 

dotata,  Pabr. ;  0.  mejanesi,  Guen.  ,*  0.  arcuata,  Mo. ;  0.  joviana.    Cram. 
(feeds  on  PhyUanthus) ;  0.  arcMcmia,  Guen. ;  0.  analis,  Guen. ;  0.  erameri, 
Mo. ;  O.  ondia,  Guen.  (feeds  on  PhyUanthus) ;  0.  coronata,  Fabr.  (feeds  on 
QuisqtuUis,  and  has  the  hindwing  orange) ;  0.  trirhaca.  Cram,  (hindwing 
orange,  feeds  on  guava) ;  0.  honesta,   Hubn.   (hindwing  crimson) ;  and 
0.  fvlvotcmia,  Guen.,   in  which  tdie  male  has  the  mid  tibia  cleft  and 

filled  with  scales.    The  larva  of  0.  coronata,  Pabr.,  is  very  striking,  a 

very  long  grey-brown  larva  with  two  tiny  oval  tubercles,  which  cUngs 
tightly  to  the  shoots,  pressed  closely  against  them  and  so  being  very 
difficult  to  see.    The  first  we  found  was  due  to  a  mynah  jumping  from 
the  ground  and  snapping  one  off  a  Quisqualis  bush. 

Homoptera  is  similar,  the  male  with  heavy  tufts  of  hair  on  the  fore 
tibiae.  It  includes  the  two  common  species,  H.  umbrina,  Guen.  (Plate 
XXXIV,  fig.  13),  and  H.  glaucinans,  Guen. ;  Forsayeth  (Trans.  Ent.  Soc, 
1884,  p.  379),  reared  these  species  and  his  paper  may  be  consulted. 

MomincB  comprises  the  genus  Moma,  not  included  here. 

Plusiina.  Plttsia  is  a  large  genus  of  which  several  species  occur 
in  the  plains,  some  as  pests.  The  discrimination  of  these  species  is  a 
matter  of  difficulty  as  the  markings  are  closely  alike  in  a  large  number 

of  species.  (Plate  XXXVII.)  P.  orichalcea,  Pabr.,  is  distinguishable 

at  once  by  the  large  brassy  patch  on  the  forewing,  occupying  the 
centre  up  to  the  outer  margin.  The  larva  feeds  on  Cruciferous  plants 

and  is  common  in  the  cold  weather ;  it  is  green  with  a  marked  lateral 

white  line  and  conspicuous  black  spines.  P.  agramma,  Guen.,  is  nearly 

uniformly  coloured  in  grey-brown,  the  forewing  with  dull  bronzy 
reflections.  The  larva  feeds  on  Cucurbitaceous  plants.  (Plate 

XXVni,  fig.  13.)  The  remaining  species  have  the  "  Y "  mark  in 
some  form  on  the  forewing  and  cannot  be  identified  save  from  a 

comparison  of  specimens.  P.  Umbirena,  Guen.,  feeds  upon  indigo  in 
Behar.  (Ind.  Mus.  Notes,  V,  p.  162.)  P.  ni,  Hubn.,  is  not  tmcommon 

feeding  upon  opium,  cabbage  and  safflower.  P.  aignata,  Pabr.,  feeds 
on  cabbage  and  is  an  occatdonal  pest.  P.  ehdcytet,  Pabr.  (eriosoma, 

PofobL),  is  oommon,  tlie  green  larva  feeding  on  mint  and  on  cultivated 
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pulses  and  Sann  hemp.  It  is  said  by  Hampson  to  feed  on  Ficus ; 
Grote  reared  it  on  Geranium.  P.  nigrisigna,  Wlk.,  feeds  on 
gram,  lucerne  and  peas  and  is  a  common  pest.  P.  daubei,  Boisd, 
has  been  found  feeding  upon  mint,  the  larva  dull  brown  in  colour. 

NoctuincB — Arete  coerulea,  Guen.,  is  a  dark  moth  with  blue  on  the 
wings,  the  male  with  a  long  fringe  of  hair  on  the  inner  margin  of  the 

Fig.  312— Abctbi'(krui.ea  lakva. 
(From  Hampton.) 

hindwing.  We  figure  the  larva  from  Hampson.  Sphingomorpha 
rhlorea.  Cram.,  will  be  mistaken  for  a  hawk  moth,  a  large  moth  with 

long  narrow  body  and  forewing.  The  palpi  are  upturned,  the  third 
joint  long  and  slender  ;  Porsayeth  reared  the  larvae  on  an  Acacia, 

and  describes  them  as  green,  with  white  marks  and  a  bar  of  orange 
and  blue  which  can  be  concealed.  Polydesma  includes  moths  of 

moderate  size,  found  in  grass  or  on  the  bark  of  trees.  P.  qumavadi, 
Guen.,  has  been  reared  from  caterpillars,  found  in  bark.  Other  common 

species  are  P.  umbricola,  Boisd. ;  P.  spissa,  Guen. ;  and  P.  inat^ulata, 
Guen. 

Cosmophila  is  an  important  genus  with  four  common  species.  C. 

mesogona,  Wlk.,  is  dark  red-brown  in  colour  with  very  slight  markings. 

C.  sabtdifera,  Guen.,  is  distinct  with  some  doubt;  its  colouring  is  very 

varied.  The  semi-looping  larva  is  found  on  jute  during  the  rains.  (Agric. 

Journ.,  Vol.  II,  p.  109.)  C.  fuhnda,  Guen.,  is  stated  to  have  a  larva  with 

four  pairs  of  suckerfeet  that  feeds  on  WaUheria  indica.  It  has  been  found 

on  Abutilon  amcennoB,  a  green  caterpillar  with  the  first  prolegs  reduced 

in  size ;  pupation  takes  place  in  a  leaf  folded  over  with  silk.  C.  erosa, 

Hubn.,  is  common  as  a  green  semi-looping  larva  on  cotton  and  malvaceous 

plants ;  the  male  moth  is  darker  in  colouring  than  the  female.  {Plate 

XXXVI,  figs.  7,  8.)  The  semi-looping  larva  n  a  common  pest  of  cotton, 
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Malachra  capitata,  bariar  {Sida  rhombifdia)  and  some  other  plants  during 
tlie  rains. 

Zcdissa  venosa,  Mo.,  is  found  breeding  upon  the  common  creeper 

panchanjuria  (Vitis  trifolia) ;  we  figure  the  larva  which  is  not  common 

but  may  be  found  in  the  rains.  This  species  is  in  the  Fauna  placed  in  the 

Agaristida.  (Plate  XXXVI.)  Trmda  variegata,  Mo.,  has  an  expanse 

of  three  to  five  inches,  and  is  red-brown  with  dark  markings.  The  larva 
is  stated  to  be  red-brown  with  numerous  blue  warts  clothed  with  rather 

sparse  tufts  of  long  hair  ;  it  feeds  on  the  pipal  (Ficus  religima),  and  the 

cocoon  is  covered  with  stones,  excrement,  etc.  (Hampson.)  Erygia  has 

very  slender  palpi  almost  naked:  E.  apicalis,  Guen..  is  common,  a  small 

moth  of  dark  red-brown  colour.  Laeera  (dope.  Cram.,  i>s  dark  reddish 

with  grey  markings ;  the  larva  is  known  from  Ceylon  and  is  green  with 

two  anal  tubercles.  Hamod^n  aurantiaca,  Guen.,  is  a  moth  of  an  orange- 

brown  colour,  the  forewing  produced  and  with  an  oblique  line  from  the 

apex  across  both  wings.  At  rest  it  very  closely  resembles  a  dead  leaf 

and  is  found  in  wooded  places. 

Ischyja  manlia,  Cram.,  is  a  large  dark  brown  moth,  the  smaller  male 

with  dark  blotches  on  the  forewing,  both  sexes  with  a  conspicuous  blue 

band  on  the  hindwing.  It  is  not  uncommon  as  a  moth  during  the  rains. 

Spiredonia  is  smaller  with  two  common  species,  S.  anops,  Guen.,  and  S. 

feducia,  StoU.  Hylodescaranea,  C'ram.,  is  brown,  with  a  light  band  across 

the  ends  of  the  wings.  The  green  larva,  which  has  two  anal  tubercles,  is 

said  to  feed  on.Acanthads.  Catephia  litUeda,  Guen.,  is  larger,  the  male 

with  heavily  tufted  fore  femora  and  tibiae,  which  are  absent  in  C. 

acronydoides,  Guen.  C.  inqyieta,  Wlk.,  was  reared  from  larvae  feeding 

upon  sweet  potato  in  Behar.  It  is  not  uncommon  in  Bengal  generally 

upon  this  crop  ;  the  caterpillar  is  grey  with  bright  vermilion  stippled 

stripes,  a  yellow  lateral  line  and,  at  the  hind  end,  a  single  round  white 

spot  on  the  dorsal  surface.    (Plate  XXVIII,  figs.  4,  5.) 

Sympis  rufibasis,  Guen.,  is  stated  to  feed  on  the  litchi  {Nephelium 

litcki),  the  pupa  found  in  the  rolled  end  of  the  leaf  (Moore).  Plecoptera 

refiexa,  Guen.,  is  a  small  grey  moth  abundantly  found  in  long  grass 

near  sissoo  trees  (Dalhergia  aisau).  The  larva  is  green,  the  fijst  two 

pairs  of  suckerfeet  reduced ;  it  feeds  on  the  leaves  of  aissoo,  pupating  in 

the  bark  or  on  the  soil  among  fallen  leaves.    AcanthoHpes  panacdis, 
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Wlk.,  is  a  small  dull  brown  moth  found  abundantly  in  long  grass  and 
under  trees. 

Ophideret  is  a  large  genus  of  large  *  yellow  underwing  '  moths,  with 
several  species  common  in  the  plains.  The  moth  sucks  the  juice  of  fruit 

and  at  least  one  species  (0.  fullonica,  Linn.)  is  destructive  to  orange 
cultivation  on  that  account.  The  common  species  are  0.  aalaminia, 
Fabr. ;  0.  ancilla,  Fabr. ;  0.  fulUmica,  Linn. ;  0.  malerna,  Linn. ;  and  0. 

hypermneatra.  Cram.  The  student  should  see  Moore's  revision  of  Ophi- 
derinse  (Trans.  Zool.  Soc,  XI,  p.  63)  where  he  figures  imagines  and  larvsD. 
The  latter  are  large  dark  coloured  insects,  smooth  with  large  yellow  and 

red  eye  spots  and  are  humped  semi-loopers.  In  spite  of  the  large  size 
of  the  caterpillars,  they  are  seldom  found ;  the  larvae  of  0.  materna 
are  dark  brown,  with  blue  transverse  bands,  red  spots  on  the  thorax 

and  red  transverse  bands  on  the  second  and  third  abdominal  segments. 
Pupation  takes  place  among  dry  leaves  fastened  with  silk.  The  moths 
are  typical  examples  of  the  deceptive  colouring  found  in  many  Noctuids, 
the  forewings  being  cryptically  coloured,  the  hindwings  bright,  the 
moths  resting  with  the  latter  covered  and  only  exposing  them  in  flight. 
(Compare  with  Anisoneura.) 

Thermesia  rubricans,  Boisd.,  varies  in  colour  from  light  ochreous 

brown  to  deep  red  brown ;  its  larva  is  green,  semi-looping,  and  feeds 
upon  Urid  (Phaseolus  mungo)  and  other  Leguminosse,  being  often 
abundant  in  the  rains. 

Erastriinas.  Hydopsis  signifera,  Wlk.,  is  a  pretty  Uttle  white  and 

brown  moth,  whose  green  semi-looping  larva  has  been  found  feeding  on 
rice  leaves.  The  full-grown  larva  folds  the  rice  leaf  over  in  three  folds 

and  makes  a  cocoon  within  this,  the  pupa  wriggling  half  out  for  the" 
emergence  of  the  moth. 

Tarache  is  an  important  genus,  its  larvae  being  semi-loopers  feeding 
on  weeds  and  cultivated  plants,  the  moths  in  all  cases  sitting  exposed  on 
plants  and  having  a  more  or  less  close  resemblance  to  bird  droppings. 

Five  species  are  known  in  the  plains.  T.  catena.  Sow. ;  T.  opaHnoides, 

Guen.  ;  and  T.  notabilis,  Wlk.,  are  pure  white  moths  with  lead  coloured 

markings  on  the  forewing.  The  last  has  a  conspicuous  larva  with  six  pro- 
minent yellow  spots,  which  feeds  on  cotton  and  wild  Malvaceae,  appearing 

occasionally  in  great  abundance.    T.  opalinoides,  Gluen.,  has  been  reared 
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from  beautiful  red  semi-looping  larvee  found  eating  the  leaves  of  Abut'iJon 
indicum ;  the  first  two  pairs  of  prolegs  are  reduced,  pupation  takes  place 
in  the  soil  and  the  moth  appears  in  the  rains.  T.  tropica,  Guen.,  is 

yellowish,  with  olive-green  markings  at  the  base  of  the  wing,  the 
apical  half  with  a  broad  band  of  deep  olive-brown,  this  being  much 
darker  in  the  female  than  in  the  male.  (Plate  XXXVII.)  The  larva 
feeds  on  bariar  (Sida  rhombifdia) ;  it  is  green  with  small  yellow  and 

white  spots  and  has  three  pairs  of  prolegs.  Its  attitude  on  the  plant 

is  very  striking,  the  body  curved  and  rigid,  the  thorax  approached 

to  the  apex  of  the  abdomen  ;  it  clings  thus  to  the  margin  of  the  leaf. 
Tarache  imbuta,  Vflk.,  is  darker  yellow,  the  outer  area  of  the  wing 

deep  red-brown.  T.  crocata,  Guen.,  is  still  darker  but  may  be  known 

by  the  yellow  or  orange  hindwing ;  its  larva  has  been  reared  from  jute 

{Corchorus),  whose  leaves  it  eats. 

XatUhoptera  nigripalpis,  Wlk.,  is  a  small  ochreous  moth  with  the 

reniform  dark  and  the  cilia  black  spotted,  one  of  the  many  moths  found 

commonly  in  thick  grass  and  low  vegetation  in  the  plains  in  September. 

Naranga  diffusa,  Wlk.,  is  a  pretty  moth,  the  male  dark  purple  red,  the 
female  yellow  with  red  bands,  whose  larva  feeds  on  rice  leaves ;  the 

larva  is  a  semi-looper,  green  with  a  lateral  yellow  stripe ;  it  pupates 
on  the  soil  without  a  cocoon. 

Eatiaa,  included  by  Hampson  in  the  ArctiidcR,  is  now  placed  in 

this  sub-family.  It  includes  three  common  species,  feeding  on  Maivacew. 
E.  intulana,  Boisd.,  has  the  forewing  green,  rarely  with  an  ochreous  tinge ; 

it  feeds  on  the  seeds  and  shoots  of  cotton  and  bhinda  {Hibiscus  esciden- 
tus),  as  does  the  larva  of  Earias  fabia,  StolL,  in  which  the  moth  is  buff, 

with  or  wildiout  a  green  wedge  down  the  forewing.  Both  are  fully 
described  as  the  Spotted  BoUworms  of  India  and  are  pests  of  the  first 
magnitude.  E.  chromataria,  Wlk.,  has  the  forewing  green  with  some 
bright  orange  and  brown  suffusion  and  its  larva  feeds  on  cultivated 

Hibiscus,  and  has  been  reared  from  jute  seed-capsules.  The  habit 

of  the  larvae  of  boring  into'  shootB  and  seed  pods  is  unusual  and 
notable  for  members  of  this  group.    (Plate  XXXVIII.) 

EiMemma  indudes  several  common  species  in  which  the  palpi  are 
upturned  and  reach  the  vertex  of  the  head.  The  genus  is  remarkable 

for  including  species  which  feed  upon  plants  as  well  as   species  which 





PLATE   XXX VIII.— Earias. 

I'lg.   1.  LaiVH  of  E.  imiUana. 
2.  An  •ttkoked  boll. 

3.  An  attacked  «lioot  of  cotton. 
4.  E.  ituttiana. 

5.  Lai  va  of  E  insulana. 

fi  E.  inHufdna,  yellow  variely 
7.  E.  tkrimuUtiin 

^  E  Jnbin 
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feed  upon  Coccidce.  Green  in  Ceylon  found  E.  coccidiphaga,  Hmpsn., 
feeding  upon  mealy  bugs ;  in  India  E.  amabilis,  Mo.  (Plate  XXXVII, 
fig.  8),  feeds  upon  the  lac  insect  (Tachardia  laoca)  and  at  least  two  other 
species,  E.  cretacea,  Hmpsn.  (Plate  XXXVI,  fig.  9),  and  E.  coccidiphaga, 
Hmpsn.,  feed  upon  mealy  bugs.  The  commonest  species  are  E.  oUvacea, 

Wlk.,  the  forewing  white  with  oHve-green  suffusion,  whose  larva  bores 
in  the  green  shoots  of  the  brinjal  {Solanum  melongena)  and  wild  Sdana- 
cecB ;  E.  rosita,  Guen.,  ochreous  with  the  outer  half  of  the  wing  pink ; 
E.  divisa,  Mo.,  bright  yellow  with  the  outer  half  of  the  forewing  bright 

pink  ;  E.  hemirhoda,  Wlk.,  differing  from  the  last  in  its  sub-marginal  par- 

tial ochreous  band,  and  E.  abrupta,  Wlk.,  which  is  red-brown,  its  larva 
found  upon  fig  trees.  The  common  species  which  may  be  reared  upon 

the  cotton  mealy  bugs  (Dactylopius  nipw)  is  an  undescribed  species. 
E.  trifaaciata.  Mo.,  has  been  reared  from  caterpillars  boring  into  the 

pods  of  a  species  of  Rivea  and  E.  parva,  Hubn.,  from  caterpillars  feeding 
on  Kakaronda  (Blumea  balsamifera). 

Zagira  includes  two  common  moths,  in  which  the  colour  is  dark  but 

a  broad  light  band  crosses  the  thorax  and  occupies  the  costal  half 

of  each  forewing.  Z.  irrecta,  Wlk.,  in  which  the  colour  is  red-brown 
and  Z.  divisa,  Wlk.,  in  which  it  is  nearly  black  are  both  to  be  found  in 
herbage  in  the  plains. 

Hypenince  (DeUoidincB). — These  moths  are  recognisable  by  the 
sickle-shaped  palpi,  curving  up  to  the  front  of  and  over  the  head. 
Raparna  includes  R.  digramma,  Wlk.,  R.  ochreipennis,  Mo.;  and  R. 

imparata,  Wlk. ;  which  are  more  or  less  common  in  the  plains ;  de 

Nict'ville  records  finding  R.  tiAidosa,  Mo.,  in  abundance  on  indigo 
in  Chumparan  and  in  fact  stated  it  to  be  the  commonest  indigo 
caterpillar  in  the  rains.  As  it  is  recorded  only  from  Sikkim  and 
Bhutan  and  has  not  since  been  found  on  indigo,  this  observation 

requires  confirmation. 

(FodUinas).  The  palpi  are  sickle-shaped  and  long,  or  are  porrect ; 
a  frontal  tuft  is  usually  present  in  the  latter  case.  Simplicia  robitddlia, 
Guen.,  is  a  brown  moth  with  the  palpi  curved  over  the  head,  the  male 
antenna  with  a  tuft  of  scales  at  the  middle.  It  has  been  reared  from 

a  brown  caterpillar  which  feeds  on  dry  fallen  sissoo  leaves  {Dalbergia 

««««) ;  it  is  a  semi-looper,  pupating  in  a  light  cocoon  among  leaves  or 
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OB  the  soil.  Nodaria  extremalis,  Guen.,  has  similar  but  shorter  palpi, 

and  a  narrower  fore¥ring.  Dichromia  erogia.  Cram.,  has  porrect  palpi ; 

the  hindwing  is  orange,  the  forewing  grey  with  a  large  black  triangular 

patch.  Rhynchina  has  porrect  palpi,  the  forewing  narrow  and  acute  at 

the  apex.  R.  abducalis,  Wlk.,  is  the  most  common,  the  forewing  with 

a  long  dark  patch  bounded  below  by  an  oblique  light  line  running  from 

the  apex. 

Hypena  is  a  large  genus  of  seventy  species,  the  palpi  porrect  and  of 

varied  length.  H.  Uvidalis,  Hubn.;  H.  konicalis,  Wlk.;  H.  abyasinialis, 

Guen.  :  H.  indicaialis,  Wlk.,  are  the  most  widespread  species;  the  identi- 
fication of  these  and  the  other  forms  is  possible  only  if  a  long  series  of 

specimens  is  available  or  if  they  can  be  compared  with  accurately  identi- 

fied specimens.  A  species  was  reared  by  de  Niceville  on  indigo  in  Cham- 
paran  (I.  M.  Notes,  V,  p.  I(i3). 

HyUaeina — HyUaa  -puera.  Cram. ;  and  H.  conslellata,  (iuen.,  are 
common  where  teak  (Tectona  grandu)  grows,  their  larvae  defoliating 

this  tree  ;  the  life-history  of  the  former  is  fully  described  by  E.  »S.  Hole. 

(Joum.  Bo.  Nat.  Hist.  Soc.,  Vol.  XV,  p   f)79.) 

Collecting. — Most  noctuids  are  nocturnal  and  many  can  be 

captured  at  hgbt,  some  come  to  sugar  (a  mixture  of  treacle  or  syrup 

and  spirit)  and  some  to  ripe  fruit.  Numbers  can  be  caught  in  thick 

grass,  on  tree  bark  and  in  similar  situations  by  day.  There  is  a  large 

field  for  rearing  as  only  a  small  percentage  are  known  from  the  larva 

and  they  are,  as  a  rule,  easily  found  and  reared.  Large  numbers  of 

species  are  as  yet  undescribed  probably  and  large  collections  can  be 

made  anywhere  in  India. 

PTEROTHYSAinDiB. 

Frenulum  dhsevt.    Hindwing   with  vein  8  approximated  to!  at 

mid^e  of  cdl.  \c.  abtetit.    Forewing  unth  vein  5  nearer  4  than  G. 

This  family  consists  of  a  single '  genus  {Pterothysanut)  of  moths, 
found  in  Assam  and  Bormah  with  five  doubtful  species.  They  are  large 
diurnal  insects,  with  small  uptnmed  palpi,  simple  antennae,  and  long 

hair  fringes  to  the  hindwings.  The  colouring  is  vivid  black  with  white 

and  pink  bloteheB  on  the  wings.  The  larva  is  unknown  and  the  moths  are 

not  common  anywhere.    None  are  found  in  the  plains. 
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LVMANTRIIDiB.— (itpOfwilflB). 

Proboscis  aborted.    Fremdum  -present.    Forevnng  with  vein  5  nearer 
6  than  4.    Hindmng  wUh  vein  Ic,  absent,  vein  8 

connected  to  the  cdl  by  a  bar. 

This  family  is  common  in  both  the  hills  and  the  plains,  a  number  of 

common  species  occurring  widely  in  cultivated  areas.  The  moths  are  of 

stout  build  and  usually  dull  colours ;  the  antennse  of  the  male  are 

pectinate,  with  spines  at  the  tip  of  each  branch,  one  of  which  is  oblique 

and  appears  to  preserve  the  position  of  its  branch  with  the  next.  There 

is  no  proboscis  and  the  moths  cannot  feed.  The  female  is  usually 

characterised  by  a  large  anal  tuft,  which  is  in  some  species  used  as  a 

supply  of  hair  for  covering  the  eggs.  The  life-history  is  known  in  a 
number  of  species  ;  the  females  are  usually  prolific,  laying  many  eggs 

in  clusters ;  the  larvas  are  hairy  and  are  distinguished  by  the  distinct 

erect  tuft«  of  hair  on  the  body  ;  in  a  number  of  cases  these  hairs  are 

poisonous,  the  point  sharp  and  barbed  so  that  once  inserted  they  remain 

in  the  flesh  which  testers.  Such  poisonous  caterpillars  are  characteristic 

of  the  hills  and  rare  in  the  plains.  Pupation  takes  place  in  a  loose 

cocoon  of  silk  and  hair,  usually  on  the  soil  among  leaves  and  debris. 

The  moths  fly  by  night  in  nearly  all  cases. 

Hibernation  appears  to  be  passed  in  the  pupal  stage,  but  more  has 

vet  to  be  learnt  of  the  seasons  of  these  moths.  The  majority  are  found 

in  the  hot  weather  and  rains,  but  there  are  several  broods  yearly  and 

occasionally  larvae  are  found  in  the  cold  weather.  None  appear  to  be 

definite  pests  to  agriculture,  though  more  than  one  feeds  on  cultivated 

plants,  and  it  is  probable  that  they  are  checked  by  parasites  to  a  more 

marked  extent  than  some  other  groups. 

Hampson  lists  over  IKO  species  in  the  Fauna  of  India  and  has  added 

11  since.    (Jo.  Bo.  Nat.  Hist.  Soc.,  X,  XI,  XIII.) 

Lcelia  includes  several  species,  of  which  L.  exclamationis,  Eoll., 

is  most  likely  to  be  found.  The  larva  is  brown  with  grey  haii  and  four 

dorsal  tufts  of  fhort  brown  hair.  The  moth  is  brown  with  a  single  black 

line  on  the  forewing.  Thiacidas  poatica,  Wlk.,  is  the  very  common  hairy 

larva  found  on  the  bi'T  tree  (Zizyphus  jujuba).  We  reproduce  the  figure 
from  Indian  Museum  Notes,  II,  PI.  2. 
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Dasychira  is  au  important  genus  with  many  species.    D.  horsfiddi, 

Maund.,  is  the  common  grej-  moth  foanil  so  abundantly  in  forest  locali- 

FiK  »13— Tmiaciuah  roHTiCA.    A.  Malc,  B.  Fkmalk  ; 
C.  PfPA,  D.  Lakva  (I.  M.  N.). 

ties  after  the  rains  ;  the  male  is  a  little  over  half  the  size  of  the  female. 

D.  thicaitesi,  Mo.,  is  mainly  a  hill  or  forest  form,  for  which  the  student 

should  consult  Indian  MiLseum  Notes,  I,  p.  2f».  Dasifchira  nwndma, 
Hubn.,has  been  reared  from  larvae  feeding  on  potato  {Solatium  tuberosum), 

Mr.  de  Nic<''ville  reared  it  on  '  desi  badam  '  (Terminalia  catappa).  The 
moth  is  dark  brown,  with  a  light  costa,  and  the  forewing  is  noticeably 
drawn  out  at  the  apex.  This  occurs  also  in  D.  securis,  Hubn.,  in 

which  the  moth  is  dry  grass  colour  with  a  central  fascia  of  lilac-grey  on 
the  forewing.  Its  larva  feeds  on  a  variety  of  cultivated  plants,  including 

cereals,  grasses  and  cruciferous  plants  (Plate  XXXIX,  fig.  7).  The  pupa 
is  in  a  thin  cocoon  of  .silk  and  hair,  of  which  one  end  allows  egress  to  the 
moth. 

Three  species  of  Lymantria  may  be  found  ;  L.  incerta,  Wlk.,  feeds  on 

pipal  {Ficua  reUgiosa),  babul  (Acacia  arabka)  and  bci  (Znyphua  jujuba). 
Forsayeth  describes  the  larva  as  light  Jbrown  with  creamy  variegations 

and  dark  markings.  L.  ampia,  Wlk.,  was  reared  by  de  Nici'ville  on 
country  almond  (TermimUa  catappa)  (lod.  Mub.  Notes,  V,  p.  108), 
and  feeds  also  on  pipal  (Ficus  reUgiosa). 

Parlhesia  zaiUhorhirn,  KolL,  is  a  small  white  moth  with  fuscous 

hindwings  in  the  male,  and  a   latce  yellow  anal  tuft.    The  caterpillar 
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(Plate  XXVIII,  fig.  8),  is  orange  with  black  marks  and  with  hair  tufts  on 
each  side.    It  pupates  in  a  cocoon  of  silk  and  hair;  the  foodplants  in- 
1<   —   —         elude  cane,  juar,  bajra,    marua 

{Eleusine  coracana),  guinea  grass 
and  other  cereals,  and  the  moth 

is  common  in  the  plains.    It  has 

"  '^  ▼  "^  a  habit  of  sitting  by  day  exposed 
on  plants  and  grasses  as  does 
Scirpophaga  aurifiua  which  it 
closely  resembles.  This  species 
is  not  known  to  occur  in  abun- 

dance at  any  time  and  is  not 

injurious. 

Euproctis  includes  a  large  num- 
ber  of   small  to  moderate-sized 

white,  yellow,  brown  or  orange 
moths  which  are  probably  not 
really    as  numerous  in   distinct 

species   as    authors    now   state. 
E.  lunaia,  Wlk.,  is  said  to   feed 

on  babul  {Acana  arabica),  biT   {Zizyphua  jujuba)  and  rose.    E.  scin- 
tillana,  Wlk.,  feeds  on  linseed,  bhindi  (Hibiscus  esculetUus),  bajra  {Penni- 

setum  typhoideum),  and  probably  other  plants,  and  is  recorded  as  destroy- 
ing mango  in  Foona  (Indian  Museum  Notes,  II,  p.  38),  and  Terminalia 

caiappa  in  Calcutta  (loc.  cit.  V,  108).    E.  fratema,  Mo.,  feeds  on  rose  and 

castor,  E.  icilia,  StoU.  (Plate  XXXIX,  figs.  5,  6),  on  the  common  Loran- 

thus  on  trees.    These  are  common  throughout  India,  as  weU  as,  E.  semi- 
signata,Wlk.,  E.  flavinata,  Wlk.,  E.  digramma,  Gu6r.,  E.  flava,  F.  {guttata, 
Wlk.)    The  last  is  the  species  so  destructive  to  fruit  trees  of  all  kinds 

in  the  Punjab,  the  caterpillars  sometimes  occurring  in  great  abundance 
in  the  Canal  Colonies.    E.  dama,  Swinh. ,  is  a  small  yellowish  species  found 

very  commonly ;  its  caterpillar  feeds  on  Kakaronda  {Blume  abdsamifera) . 

Kig.  314— ECPROCTIS  FRATBKN*  ;  MALE 
ABOVE,  FfBMALE  BFLOW,  ANP  PUPA 

IN  cocoon;  (I.  M.  N.). 

The  larva  of  Perina  nuda,  F.,  feeds  on  Eanthal  {Artocarpua  integri- 

foiHa),  and  is  common  throughout  India.  A  description  of  the  larva  will 
be  found  in  Indian  Huseum  Notes,  lY,  p.  14. 
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Leucoma  submarginata,  Wlk.,  is  also  common,  a  pare  white  moth  with 

a  single  black  "  comma  "  on  the  forewing  and  yellow  on  the  frons,  palpi 
and  fore  coxsc.  Its  ally,  L.  Hubvitrea.  Wlk.,  was  reared  by  de  Nic^ville 
on  desi  badam  {Terminaiia  eatappa),  and  is  figured  (Indian  Museum 
Notes.  V,  PI.  XI). 

Pit;.  315— EvpROfTis  phatbhka  i.akva    ■  2. 

Hypsid.*. 

Prdboseit  well  devdtyped  ;  hindiring  with  vein  8  connected  to  ctU  by  a 
bar,  If.  abtent ;  frenulum  present,    Forewing, 

vein  5  nearer  to  4  than  6. 

A  small  and  animportaat  family  whose  species  (27)  are  mainly  con- 
fined to  the  hills,  but  a  few  of  which  are  common  and  widespread  in  the 

plains  and  cnltivated  areas.  They  are  of  moderate  size  and  usuaUy  bright 

coloming,  rather  weak  on  the  wing  and  sonoetimes  seen  flying  by  day. 

The  coloaring  is  conspicnons  enough  for  any  common  spedes  to  be  easily 

recognised  when  once  seen  and  is  presumably  warning  in  function. 





PLATE  XXXIX.   -Hyi'sids  an©  Lym
antruds. 

Fig.  1.     IJypua  fictM,   l*^f^'»  (Hyptt^w)- 

„  3   cocoon  „ 

J,  3.  „         aleiphroti,  l«rv»     n 

„  5.     SuproetU  ieiii»»  Imrm  (Lymantnidie). 

„  6.  „         '  H      *»*80  •' 

„  7.     D«i»dMr»  0»emUy  Xvtvtk  „ 

.,  M.     Ar^ma,  argu*,  Urv»  (Hypeid*) 





V  ̂ 
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The  life-history  presents  few  points  of  interest.  Eggs  are  laid  singly 
or  in  clusters  on  the  foodplant  and  the  larvte  have  five  pairs  of  sucker- 
feet,  are  brightly  coloured  and  sparsely  clothed  with  hair.  They  feed 
openly  on  the  leaves  by  day  and  are  possibly  distasteful  to  the  majority 
of  birds.  Pupation  takes  place  in  a  slight  cocoon  in  rolled  leaves  on  the 

soil.  So  far  as  is  known,  hibernation  is  passed  as  a  pupa  in  the  soil,  and 
there  are  several  broods  yearly  commencing  in  the  hot  weather  if  food  is 
available.  Two  species  are  pests  to  agriculture  and  at  least  two  injure 
trees,  so  the  family  has  some  economic  importance. 

Hypsa  is  a  genus  of  rather  large  moths,  the  palpi  upturned,  the 

apical  joint  slender  and  reaching  above  the  head.  The  antennseare  fasci- 
culate in  the  male,  ciliate  in  the  female.  Two  species  are  very  common 

in  the  plains,  the  larvae  feeding  on  pipal,  pakur  and  other  species  of  Ficus 
grown  as  shade  trees  (Plate  XXXIX) ;  the  caterpillars  are  sometimes 

so  abundant  that  they  defoliate  large  trees  and,  standing  below  an 
infested  tree,  one  hears  their  excrements  falling  in  a  continuous  shower 
like  rain.  We  figure  the  moth  of  H.  alciphron,  Cram.,  from  which  H. 

ficus,  Fabr.,  differs  in  markings ;  both  are  dull  ochreous  with  yellow  and 

black  markings  at  the  base  of  the  wing. 

Digama  hearaeyana,  Mo.,  is  common  throughout  the  hill  and  forest 
areas  in  India  but  is  rarely  found  in  the  cultivated  plains.  It  is  a  small 

moth,  the  forewing  dusky  with  dark  spots,  the  hindwing  orange.  It 
has  a  very  neat  trim  appearance  and  is  one  of  the  very  common 
moths  one  first  sees  and  captures  in  the  hills.  Two  genera,  Nydemera 
and  Argina,  formerly  placed  in  Arctiidce  are  now  classed  with  Hypsa.  Of 

the  former,  three  species,  JV.  lacticinia,  Cram.,  N.  latistriga,  Wlk.,  and 

N.  plagifera,  Wlk.,  are  large  moths,  white  and  brown  in  colour,  which 

occur  throughout  the  hill  and  forest  areas  of  India  and  are  found  rarely 

in  the  plains.  Of  the  latter,  three  species  occur  throughout  India  in- 
cluding the  plains,  feeding  on  Sann  Hemp  {Crotalaria  juwea)  and  wild 

Crotalaria.  All  are  bright  coloured  moths,  the  forewing  with  ringed  black 
spots ;  A.  orgua,  KolL,  has  the  forewing  brownish  red,  the  hindwing 

scarlet,  the  larva  is  common  in  the  pods,  feeding  on  the  seeds.  (Plate 

XXXIX,  figs.  8,  9.)  A.  syringa,  Cram.,  has  the  forewing  pinkish  brown 

and  clouded  with  fuscous,  the  hindwing  crimson,  while  A.  cribrana, 

Cleiok.,  has  the  ground  colour  orange.    The  last  is  the  most  common,  its 
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larva  a  senous  pest  occasionally,  feeding  mainly  on  leaves  (see  Agric. 
Jouin.  I,  No.  3). 

Sphinoidjc. — Hawk  Moths. 

AidenncB  fusiform,  thickened  towards  the  apex  and  slightly  hooked. 

Forewing  long  and  narrotD,  vein  5  nearer  6  than  4  or  from  ihe  middle 
of  the  cell ;  hindwing  vein  8 connected  to  the ceU hy  ahar  atthe base, 

then  approximated  to  or  anastomosing  with  7,  vein  Ic.  absent. 
Frenulum  present.    Pupa  in  soil,  larva  smooth  with  anal  horn. 

The  narrow  forewings,  the  spindle-shaped  hooked  antennae,  the 
usually  torpedo-shaped  body  and  the  swift  flight  enable  this  family  to 

FiK.  316— Uapbiiih  nrrii. 

be  readily  recognised  in  tlic  field.  The  moths  are  moderate  to  large  in 
sixe,  with  an  expanse  of  one  to  four  indies.  The  colouring  is  uniform 
in  design,  but  diverse  and  marked  in  individual  species.  The  body 

and  forewings  are  .cryptically  coloured  in  shades  of  brown,  grey  and 
dull  green,  which  make  the  insect  invisible  when  resting  on  bark 

or  on  other  exposed  positions.  The  lower  wing  and  som«times  part  of 

ihe  baae  of  the  abdooien  is  brightiy  eolonxed,  the  resting  attitude  being 

such  that  the  forewing  coven  the  brightly  coloured  parts,  which 

ate  viflble  only  is  flight.    The  object  of  the  bright  colouring,  naoaUy 





PLATE  XL,— AoHBBOMTiA  Styx. 

Ta  Sphinx. 

Kg.  1.    B«g^ 

3     Yoang  larva. 

3.  , 

.    i  Hklf-fntown  Imva. 

0.    Fnli-grown  larT*.    N*tar»l  aiie. 
6.  Pop*. 
7.  Moth 
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The  green  colour  would  then  he  very  conapieuous  on  the  soil  or  bark,  and 

we  find  that  the  upper  surface  of  the  body  darkens  in  tint  till  it,  and 

perhaps  the  whole  body  becomes  brown  when  the  insect  has  to  pupate. 

It  then  crawls  away  till  it  finds  a  suitable  shelter  in  soil  or  among  fallen 

leaves,  etc..  where  it  pupates.  As  a  rule,  coarse  threads  of  silk  are  used 

to  form  a  covering  with  leaves  and  debris,  or  the  caterpillar  forms  a 

chamber  in  which  to  pupate  :  from  the  time  the  caterpillar  ceases  feeding 

till  it  actually  transforms  to  the  pupa  as  much  as  a  week  may  elapse, 

during  which  the  caterpillar  is  internally  and  externally  preparing  for 
the  la.st  moult. 

The  caterpillars  are  wholly  herbivorous,  feeding  on  the  leaves  of 

their  foodplants  which  usually  embrace  a  few  allied  species.  They  feed 

usually  in  the  morning  and  evening  only.  The  pupa  is  a  large  brown 

object,  of  two  forms,  one  with  an  external  proboscis  sheath  (as  in 

/lerge  ronvolvuli)  the  other  without  (as  in  Arherontin  utifx). 

The  moths  arc  usually  crepuscular,  the  smaller  "  humming  bird 

hawks  ""  being  alone  .seen  flying  by  day  Food  is  the  nectar  extracted 
from  flowers,  the  moth  hovering  before  the  flower,  the  long  proboscis 

being  inserted  to  suck  it  out :  white  flowers  that  blocmi  at  night  attract 

tbe.se  moths  and  it  js  a  wonderful  sight  to  watch  such  plants  when  large 

numbers  of  the  moths  come.  Quisqualiit  ivdica  i.s  a  favourite  flower, 

being  white  at  night  to  attract  these  moths,  though   it  is  red  by  day. 

The  moths  are  extraordinarily  swift  of  flight  and  very  powerful  ; 

it  is  possibly  due  to  this  that  they  ionii  so  large  a  proj>ortion  of  the  insect 

fauna  of  the  island  of  Barbados  in  the  West  Indies,  a  fact  not  yet  recorded 

by  any  naturalist  ;  this  island  is  low  and  wind  swept,  less  than  2<»  miles 

across  4nd  any  but  a  strong  flying  n>oth  is  liable  to  be  blown  away  by 

the  tradewinds,  just  as  large  numbers  of  insects  are  sometimes  blown 

on  to  the  island  ;  apparently  the  hawkmoths  have  been  able  to  remain 

on  the  i.sland,  and  they  constitute  an  extraordinarily  large  proportion 
of  the  insect  fauna. 

The  duration  of  the  larval  stage  is  relatively  long,  the  larger  species 

requiring  two  months  to  l»ecome  full-grown,  the  pupal  stage  then  being 

mfiderately  long  and  the  imsginal  life  Rhorter.  Hibernation  takes  place 

as  a  pupa  in  the  soil  and  no  caseit  of  larval  or  imaginal  hibernation  are 

known  ;  erfually  leHttvation  is  passed  as  a  pupa,  unless  it  be  one  of  the 
»|K«ie*  whose  food  is  then  available. 
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red  or  orange,  is  probably  deceptive,  the  whole  scheme  being  similar  to 
that  of  the  Acridiidae  and  other  insects  which  exhibit  this  peculiar 
colour  scheme.    (See  under  Acridiidae.) 

The  head  is  large  with  large  compound  eyes ;  the  proboscis  is  usually 
very  long,  tightly  curled  up  in  repose  and  stiffly  extended  to  its  full 

length  when  the  moth  hovers  before  a  flower.  The  antennse  are  straight, 
a  little  smaller  towards  the  apex,  slightly  hooked,  and  in  the  male  wth 
curious  tufts  of  cilia  on  the  lower  side. 

The  thorax  is  robust,  the  outline  of  the  whole  body  from  head  to 

apex  of  abdomen  smooth  and  tapering  to  each  end ;  the  abdomen  is  long, 

in  some  species  with  lateral  and  terminal  tufts  of  erectile  hairs.  The 

forewing  is  long  and  narrow,  the  hind  wing  smaller.  Males  and  females 

are  similar  in  colouring,  the  males  smaller  and  distinguished  by  the 
antennae. 

The  life-history  is  uniform  in  all  but  detail  so  far  as  known.    Eggs 
are  laid  singly  on  the  leaves  of  the  foodplant,  each  egg  circular  with  the 

micropyle  at  the  apex.    The  larvse  grow  to  a  considerable   size,  some 

exceeding  three  inches  in  length  ;  there  are  five  pairs  of  suckerfeet,  and 

usually  a  horn  on  the  8th  abdominal  segment.  The  integument  is  smooth, 

or  more  rarely,  roughened  with  numerous  tiny  blunt  spines ;  none  are 

hairy  or  tufted  ;  the  head  is  either  large  and  distinct,  or  small  and  retrac- 

tile into  the  prothorax,  which  is  drawn  back  with  the  meso  and  meta- 

thorax.    The  colouring  is  usually  green  or   brown,  cryptic,  and    often 

with  lateral  yellow  stripes  which  increase  the   cryptic  resemblance.    In 

many,  there  are  in  addition  devices  which  ftre  evidently  meant  to  be 

terrifying  ;  such  are  the  eye  spots,  large  coloured  spots  on  the  sides  of 
the  thorax  which  look  like  large  real  eyes  when  the  head  is   drawn  in  ; 

the  appearance   of   the  insect  with  these  eyes  is  very  striking   and  in 

some   there  is.  to  us,   a  suggestion  of  the  snake.    In  some  these  spots 

are  concealed  and  can  be  suddenly  shown,  when  the  effect  is  still  more 

striking.    As  a  whole  the  larvae    exhibit   cryptic  colouring    combined 

with    terrifying    devices.    An    interesting    adaptation  is  found  in  the 

change  of  colour  which  often  takes  place  at   the   close   ot   the  larval 

life ;  hitherto    the  green  caterpillar,   for  instance,  has  been  concealed 

by  its  colour  among   the   leaves  of  its  foodplant ;   prior  to  pupation 

it  must  leave  its  foodplant  and  crawl  over  the  soil,  perhaps  after  a  journey 

down  the  bark  of  a  tree,  to  find  a  suitable  plao*  to  hide  itself  for  pupation. 
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As  a  rule  there  are  two  broods  during  the  rains,  with  pupal  hiberna- 
tion in  the  second  until  March  or  June,  more  often  the  latter.  Few  are 

pests  since  they  are  insects  that  increase  but  slowly,  but  a  few  are  found 

feeding  on  cultivated  plants  and  are  occasionally  numerous. 

The  larvfT  are  parasitised  by  parasitic  Hymenoptera  and  Diptera 
as  are  other  caterpillars,  and  these  parasites  are  the  chief  check.  Birds 

readily  eat  the  caterpillars  when  they  find  them,  and  help  to  check  them 
when  thev  are  numerous. 

Hampson  lists  121  Indian  species,  mostly  hill  forms  not  recorded 

from  the  plains.  A  few  species  are  common  in  the  plains,  a  number 

more  are  recorded  and  will  be  found  widespread.  Jordan  and  Roths- 

child list  |.")4  (l'.K)7) ;  their  revision  alters  practically  the  whole  nomencla- 
ture and  classihcation,  and  brings  in  the  greatest  possible  amount  of  con- 

fusion. In  the  present  deplorable  state  of  entomology,  their  nomen- 
clature will  probably  be  adopteil  till  another  replaces  it,  and  we 

accordingly  use  both  here.  The  most  recent  account  is  that  of  these 
authors  in  (Jenera  Iiisectorum,  which  is  a  revision  of  their  earlier 

revision.  The  authors  are  extremely  vague  about  geographical 

distribution,  and  it  is  impossible  to  be  certain  exactly  which  species 

actually  occur  in  India. 

Arherontiincp — Herm'  (Protoparce)  convdvuli,  Linn.,  is  our  commonest 

form,  a  large  grey  moth  with  pink  bands  on  the  abdomen,  which  comes 

freely  to  light.  The  larva  feeds  on  sweet  potato,  urid  (Pha^eohis  nivngo). 

and  on  convolvulaceous  cree})ers.    The  pupa  is  in  a  hard  earthen  chamber. 

ArficroiUia  sti/T,  Westw.,  is  our  death's-head  moth,  so-called  from  the 

skull-mark  on  the  thorax.  This  is  the  tropical  and  sub-tropical  form  of  A . 

larhesix  Kabr.,  found  only  in  the  Himalayas.  The  large  green  caterpillar 

is  found  on  til  (Sesamum  mdiVwwi)  and  kulthi  (Dolkhos  IMab).  There 

are  probably  two  broods  a  year  in  all  parts  of  the  plains,  the  pupa 

living  over  the  winter  (Plate  XL). 

Psilogramma  nwnephron.  Cram.  (Pseudosphinx  discistriga.  Wlk.), 

is  a  large  grey  moth  with  an  expanse  of  ̂   to  5J  inches,  less  common 

but  widely  spread  in  the  plains. 

Amlndycince.—Compisogene  (Calymnia)  panopus.  Cram.,  is  the  very 

large  purple  and  brown  moth,  with  a  wing  expanse  of  TjJ  inches.  The 

\aTva  is  grey  with  yellow  stripes,  the  anal  proce=!s  long  and  straight ;  it 
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feeds  on  the  leaf  of  mango.  Oxnambutyj;  miboceUata.  Feld  (Ambulyx 

semifervens,  Wlk.)  is  widespread  in  India  while  the  larva  of  Clanin 

phalaris,  Fabr.  {Ambulyx  pagana,  F.)  is  described  (under  Clam's  cervina) 
by  Forsayeth  as  feeding  on  the  dhak  or  paias  tree  (Butea  frondosa), 

(Trans.  Ent.  Soc.,  London,  1SS4.  p.  33).  Leucophk-hia  emittem,  Wlk., 

and  L.  Uneata,  Wlk..  are  the  beautiful  pink  mothH  with  a  yellow  fascia 

along  the  forewing,  which  so  often  come  to  light  in  India.  The  larva  of 

Polifptj/chus  trilitieatuii.  Mo.  {dtiUalus.  Cram.),  i.s  said  by  Forsayeth 

(loc.  cU.)  to  feed  on  la.'tora  (Cordia  myxa). 

Seniina-.  Cephonodes  hylas, 

Linn.,  is   the  common  "  hum- 

ming bird  hawk   moth  "  of  the 
plains,  a   beautiful    moth  with 

yellow  and  red   abdomen   and 

a  spreading    black   anal  tuft, 
which   comes  in  dull  weather 

and  at   dusk  and    flies    softly 

through  shrubs  seeking  flowers ; 

it  is  a  shy  insect,  hard  to   see 
or    catch,     with    a    distinctive 

deep  hum  in  flight. 

Philampeh'n(p.   DrilephUa  (Daphnis)  nerii,  Linn.,   is  the   beautiful 
dark  olive-green  and  pink    moth    (fig.  .514)  whose    larva  feeds  on  the 

V\g.  317— CepnrtNoiiK.t  HVl.»^ 

Kie.  mft-NKPHKLR  niOTMA     (I.  M.  N.}. 

Oleaml.r;  D.  hypothout,  (Yam.,  also  occuni  in  our  limito.  Nephele 

didfma,  Fabr.  (hapera,  F.)  is  a  smalier  olive-greon  moth,  reared  in 

CuMta  on  Kaninda  (VaritBa  Carandas)  (Indian  Um.  Noten,  V,  p.  126). 
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MacrogloHsum  includes  dark  coloured  "humtning  bird  hawk  moths," 
found  flying  by  day  in  bushes  seeking  flowers ;  they  are  extremely  abun- 

dant in  the  subtropical  zone  but  some  occur  in  the  plains.  M.  gyrans, 
Wlk. ;  M.  belin.  Cram. ;  and  M.  pyrrostuia,  Butl.  {gilia,  Herr.  Sch.)  are 

to  be  found,  the  second  most  abundantly. 

ChcBrocampincB. — A  number  of  common  forms  are  included  in  this 

sub-family.  The  larva*  have  the  head  and  thoracic  segments  more  or  less 

retractile  into  the  swollen  metathorax,  which  often  has  lateral  ̂ ye-marks. 

In  Hi/)j»otion  celerio,  L.,  the  larvae  may  be  green  or  dark  brown,  both  occur- 

ring together  in  all  stages  on  the  same  foodplant.  The  genera  Theretra 

and  Hipimiion  include  the  common  hawkmoths  of  the  plains,  moderate 

sized  insects  with  the  apex  of  the  forewing  produced  slightly.  The  full 

fed  larva  pupati'>  at  the  surface  of  the  soil  in  a  covering  of  leaves  webbed 
up  with  coarse  silk  enclosing  an  earthen  chamber. 

The  following  are  the  common  species,  with  the  revised  ajid  old 

nomenclature  of  the  Fauna,  and  the  known  foodplants  in  India. 

'Jhrrvtra  f/Homa,  Fabr.  (CliiiTucampH  butus,  CraiD.)         Grape  viiic. 
alifto,  Linn,  (Clieerocampa).  Peat,  Teak,  yitii  tnjulin, 

uldeidandia',  Fabr.  (Cluerouampa).  BalsAiu,  Vitia  trifulin 
xilkfteiitis,  Wlk.  (Cha^rocampu). 
latreillei,  Macl.  (Cbtvrucniupa  lucaai,  Wlk.) 
iwttvi,  Fabr. 

Hippotioit  eelieclut,  BoiwI.  (Clueroeanipa  eson,  Cram.)  Sesamum. 
„       ra,tHesi,  Butl.  (Chwrocampa  tlieylin,  Linn.) 

„      celerio.  Lino.  (ChaBrocampa).  Balsam  and  Bda  mlyiint. 
„       rrloK,  Fabr,  (CliHirocanipa  viuil,  Guer). 

Blii/nrholnba  actniK,  Cram.  ('riieretrn). 

Vdlerting. — Moths  are  caught  on  the  wing  by  day  (Maaro 
ghssincB)  or  at  dusk  at  flowers.  Some  come  to  light  and  the  occur 

rence  of  these  is  worth  noting  even  if  they  be  common  species 

Larvae  are  always  worth  rearing  if  their  food  plant  can  be  ascertained 

and  there  is  no  special  difficulty  in  this.  If  it  is  desired  to  obtain  eggs, 

the  pupae  must  all  be  treated  alike  as  they  react  quickly  to  altered 

conditions  and  will  not  emerge  together  if  differently  treated. 

CYMATOPHOaiD.*:. 

Characters  of  Sphingidce  but  vein  8  not  conneded  with  7. 

A  family  of  22  moths  found  in  the  Himalayas,  Khasis  and  Burmah 

Hills,  and  which  are  absent  from  tropical  India.    They  are  in  appearance 
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like  Xwtuids  while  tLe  larva  hasiive  pairs  of  suckerfeet  and  is  not  clothed 

with  hair.    No  speeies  will  be  found  in  the  plains. 

ErPTEROTID*. 

FrcHtilum  />«'*(■«/,    fmtboscix   (tbnenl.    Forewhuj    irith    iH-in   .">    marrr   (i 
l/ian  4.    Hindicimj  icit/i  ivin  H  rcmolt  from  win  7,   pcin  [c.  nbseid. 

Lnrm  uniforntly  hairij,  fiupa  in  cwoon  of  silk  atid  fiair. 

This  Ls  a  familv  of  large  moths  with  hairy  jialpi.  the  antenna'  pecti- 

nated in  both  sexes,  the  mid-tibia  with  one  pair,  the  hind  tibia'  with  two 

Kl}C-  319— KlITEKori!  UINOK,  MAl.K  Kig.  :tJO— KflTKKOTE  MI>«K,  KfcMALK. 

pain<  of  .spurs.    Thev  are  dull  coloured  moths,  princijmlly  found  in  hill 

forest  areas,  of  which  42  species  are  recorded  as  '"  Indian." 

The  larva'  are  found,  in  jjreat  numbers  occasionally,  feeding  uj»on 
forest  tree.s.  They  are  uniformly  hairy,  with  five  pairs  of  suckerfeet 

The  larva-  are  gregariou.s.  feeding  together  on  the  plant.  The  hairs  are 

poisonous  and  are  readily  detached  either  when  the  larva  ii^rritated  or 

touched,  and  these  hairs  become  (irmly  fixed  in  the  skin-diving  rise  to 

great  irritation.  The  puj)a  is  in  a  cwoon  of  silk  and  hair.  Hibernation 

in  the  cocoon  takes  place  from  the  end  of  the  rains  to  the  following 
rains. 

Eu/tlerotf  in  the  abundant  genus,  with  several  speciex  common  in 

the  moister  and  more  densely  fore*ft«d  partw  of  India.  E.  undatn,  Blanch., 

iK-curs  throughout  North  India  and  at)  far  south  as  the  Nilgiris  ;  it  varies 

much  in  colouring  front  pale  brown  or  yellow  suffused  with  brown  to  deep 

red-brown  ;  each  wing  has  a  varj'ing  number  of  waved  lines ;  K.  faltia. 

Cram.,  i»  not  r«'garde<l  by  Ham]>M>n  as  a  distinct  species ;  the  male  has 
the  forewing  bright  yellow.    In  b«;th,  the  expanse  ranges  from  three  to 



472 LKPIDOPTKKA. 

species  listed  as  from  the  Indian  region  of  which  four  alone  are  common 
in  our  area  ;  21  have  been  since  added  by  Hanipson. 

Fig.  321— HTAl'KOfl'h  ALTKKNI'H,    LAKVA   ON   lICMlt:  S.KAF. 

ArUheua  nervula.  Dr.,  is  a  yellow  moth,  with  a  brown  patch  and 
rufous  margin  on  the  forewing.  The  larva  is  brown  clothed  in  brown 

hair ;  it  feeds  on  grass,  pupating  in  the  soil.  Stauropus  cdternun, 
Wlk.,  is  a  grey  moth,  the  forewing  rather  narrow,  the  abdomen 

long.  The  male  has  pectinate  antennae.  We  figure  the  larva  (fig.  821) 
which  is  of  the  form  characteristic  of  some  Notodontids,  destitute  of 

anal  prolegs  holding  the  apex  of  the  abdomen  in  the  air,  with  processes 
on  the  dorsal  surface.  This  device  is  to  protect  the  insect  by  its 

alarming  appearance.  The  grey  moth  rests  with  the  costal  margin  of 
the  hind  wing  projecting  in  front  of  the  forewing,  after  the  manner  of  a 

Lasiocampid  moth.  The  larva  has  been  found  feeding  upon  pigeon 

pea  (Cojantu  indicus). 

Anlicyra  combtuta,  Wlk.,  has  been  reared  from  a  larva  found  feed- 
ing upon  maLee.  This  larva  is  2}  inches  long,  of  a  whitish  green  colour 

with  white  intersegmental  bands,  and  a  lateral  green  stripe ;  there  are 

short  white  hairs  laterally ;  the  prolegs  are  normal,  5  pain.    Pupation 
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five  inches.  E.  imllifera,  Wlk.,  is  smaller,  2|  to  3^  inches  with  the 
ground  colour  always  yellow  or  dark,  often  suffused  with  rufous.  It 

occurs  in  South  India.  E.  citrina,  Wlk.,  is  uniform  yellowish  white, 

with  the  head  and  prothorax  fuscous  in  the  male,  the  female  with 

raised  scales  at  the  outer  angle  of  the  forcAving  below  and  the  apex  of 

the  hindwing  above.  Its  distribution  is  given  as  the  Deccan,  ('entral 
India  and  Bombay. 

Of  these  E.  undata  was  reared  by  de  Niceville  in  Calcutta,  on 

Eri/thrina  itidica,  with  one  brood  yearly  apparently.  (I.  M.  N.,  V, 

p.  I29.)A'.  minor,  M.O.,  was  reared  from  caterpillars  which  appeared  in 

great  numbers  in  Burmah  "  destroying  the  herbage  and  swarming  on 
the  roads  to  such  an  extent  that  thousands  of  them  must  be  trodden 

under  foot  by  passing  way-farers.  "    (I.  M.  N.,  Vol.  Ill,  p.  21.) 

SatigatiKua  suhcurvifera,  Wlk.,  is  pale  brown,  the  forewing  with  the 

three  curved  dark  bands  obliquely  along  it.  It  occurs  in  the  North- 
West  Himalayas,  in  South  India,  and  has  been  found  in  the  Gangetic 

jilain  Nisaga  simplex,  Wlk.,  varies  much  in  colour,  the  wings  yellow  to 

deep  brown,  with  lines  of  dark  scales  along  the  veins.  It  has  been 

reared  from  a  yellow-marked  black  caterpillar,  moderat?ly  hairy,  found 

feeding  on  rice  in  Ranchi  and  on  grass  in  Pachniarhi,  Central  Provinces, 
and  it  is  common  also  in  Assam  and  South  India.  It  hibernates  in  the 

cocoon  from  October-November  to  June. 

NoTOI)ONTlI).l!;. 

Hindwmi    with    vein    8    ronimied  to  7  near   middle  of  cell.     Vein  5 

oltnolesrent,  U:  ahietU.    Probonvis  present.    Forewing 

with  vein  ")  nearer  (>  than  i. 

A  family  of  moths,  recognisable  by  their  venation  alone,  and  super- 

ficially like  Noctuidce,  or  in  some  cases,  Sphingidr.  The  colours  are 

dull,  greys  and  browns  predominating.  The  antennae  are  often  pecti- 

nate, the  abdomen  long  and  tapering,  terminating  ia  some  in  long  scales 

or  tufts.  Many  are  of  large  size  with  an  expanse  in  some  instances  of 

over  four  inches.  Nearly  all  are  hill  forms,  confined  to  high  elevations ; 

the  family  is  a  very  large  one  in  temperate  climates,  and  there  are  120 
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takes  place  in  the  soil  without  a  cocoon  and  lasts  13  days.  The  moth  is 

"  dry  grass  colour  "  with  a  median  purplish  suffusion ;  it  sits  with 
its  wings  rolled  round  it,  and  very  closely  resembles  a  piece  of  maize 

stem  cut  from  a  node,  with  a  piece  of  dry  leaf  round  it ;  the  head 

looks  like  the  dry  bluntly-cut  node  and  the  whole  resemblance  is 

singularly  perfect  and  striking. 

Geometriua;. 

Vein  .")  marer  (i  than  4  in  forewing.    Hindwiwf  vein  H  connected  with 

7  lU  the  base  or  if  twl,  veiti  .")  fully  develofwd  ;  vein 
h:  iibsent.    Proboscis  present. 

There  is  a  general  family 

resemblance  among  our 
common  Geometers  but  the 

venation  affords  the  sole 

accurate  characters.  They 
are  frenulate  moths  with 

the  proboscis  developed, 
with  the  venation  as  above, 

and  the  tarsi  usually  long 

and  naked.  They  are  of 

moderate  to  large  size  with 
cryptic  colouring  in  nearly  all  cases. 

The  life-history  of  but  few  has  been  worked  out  in  this  country ; 

the  known  larva?  are  loopers,  with  two  pairs  of  prolegs,  the  body  nearly 

h\g.  HJJ     BlltrUN   bl  ITKKbhAKU.        (I.  M.  N.) 

Vig.    333  -  BlSTOX     HUrPKBWAKIA. 
(I.  M  M.> 

Fie-  324-BI8TON   bcppkicssaiua. 
(I.M.N.) 

naked  and  slender.    As  a  rule  a  true  looper  is  at  one*  recognisable  from 

it  attitude  and  general  form  (Plate  XLI,  fig.  3) ;  the  attitude  with  the 
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0rl,}i08li£ina'.—'£hvi   beautiful  liumdca    rosalia.  Cram.,  is  found  in 
Iho  plains  (Plate  XLl,  fig.  1). 

Fiji.  32i— Thalamsouks  (n'AiiKAUiA,  lakva  on  MTcin. 

AridaUiiKr. — A  iiunilu'r  i»f  .sjx-cio.s  are  widespread  in  the  forest  areas 
of  India  and  less  than  ten  are  known  from  the  plains. 

Gt'omvlrinw. — Atjathia  Ujia-ttaria.  Koll..  is  .said  to  feed  on  Nerium  odo- 

nim  ((Jrote).  ThithisxiHlcs  i/u(idrarnt.  Guen..  has  been  reared  from  larva' 

feetlingupon  the  leaves  of  \\U-hi(N('pli('lii(ni  IwJii)  and  also  on  maize. 

The  larva  is  green  with  a  pair  of  orange  proee8.ses  on  the  head.  (Plate 

XLl.  fig.  7.) 

Sathrniid.k.— UVW  iS'M  Mot/is. 

fori  it'hu/   tritli   whi    7   vomm-led    to  S  otid  !».    Hind  mwj  with  vein  S 

ditvnjiwf  jnnn  cell  from  the  htm:    Forrwmg   with    i^-in   5    iiearrr  (i 

llinn   4.    Uindving   iriv  Ir.   alm'nt.    Lan^a  with  cotispinwus  xpini/ 

priH'cioiis  ;  pujHi  in  rocooit  of  »i1k. 

'Vhvm   \mw\»  an'  eommonly  rceognisable  in  all  .stages.    The  moths 
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colouring  is  oftou  beautifully  cryptic,  the  larva  reniaiuing  stiffly 

stretched  out  at  an  angle,  the  suckerfeet  clasped  round  a  twig,  and 

the  whole  looking  like  a  small  shoot  or  twig  and  quite  unlike  a  hving 
insect. 

The  moths  are  crepuscular  as  a  rule  and  but  rarely  seen,  or  are 

found  in  thick  vegetation  and  under  shade.  They  have  a  habit  of  rest- 

ing with  fully  ojwned  wings  tightly  pre.ssed  against  the  surface  they  arf 

nu  ;  the  colouration  is  adapted  to  this,  the  markings  continuous  from 

fore  to  hind  wing :  m  thi.>  attitude  they  are  difficult  to  distinguish  and 

thev  will  rest  thus  during  the  whole  day  if  undi.sturbed.  They  seldom 

occur  m  any  great  abundance  and  the  larva'  are  very  seldom  found. 
Xone  is  known  to  be  of  any  economic  imj)ortance  in  India.  The  family 

iN  a  very  large  one  (J.-kK)  species  in  the  Indian  region)  and  additions  are 

constantly  being  made  to  it.  Nearly  all  are  hill  and  forest  forms,  few 

living  in  the  plains. 

Hampsou  divide.>  the  family  into  (i  sub-families,  the  key  to  which 

is  (m  page  I'.iK  of  volume  III  of  moths  in  the  Fauna  of  India. 

BiHirmuncf — Hindwing  with  \ein  •")  obsoleU-. 
Dilinia  caintata.  Wlk.,  is  a  common  species  who-se  larva  feeds  on 

iK'r  (Ztzifphui  jHjubn).  The  larva  is  green  above,  greenish-white  below 
with  the  usual  two  j»airs  of  suckerfeet ;  seen  from  above  it  is  of  the  colour 

<»f  the  upper  surface  of  the  leaves,  seen  from  below  of  the  colour  of  leaves 

looked  at  from  below,  a  colouring  common  in  leaf-eating  caterpillars  and 

doubly  cryptic.  Pupation  takes  place  between  two  leaves  fastened  with 

white  silk :  the  period  is  about  a  week 

Miuano  fa»nita.  Fabr.  (Plate  XLl,  fig.  2),  is  ctmimon,  the  larva 

green  or  brown  with  dorsal  an<l  sublateral  yellow  Htripes,  found  feeding 

on  the  flowers  of  .-IcwjV/  cowinna.  M.  nora,  Wlk.,  M.  suffliUa,  Uuen,,  and 
.y  vinnmria,  Wlk.,  are  also  likely  to  be  found. 

Tephnwt  w  the  most  abundant  Of  ometrid  in  the  plains,  T.  duf/tularia, 

iUu-n.,  being  the  little  browny-white  moth  so  common  in  grass.  The  larva 
leeds  on  babul  {Atxwia  nrabica)  and  may  hv  found  wherever  this  tree 

grows  (Plate  XM).  Hff/xmdra  lalaca,  Wlk.,  is  another  plains  Hpeciett. 

the  larva  green  irrorated  with  black,  with  the  l»t  and  'ird  abdominal 

segments  dark,  the  recorded  (oodplantH  are  Jatnbora,  Cotnbretua, 
Fit  lu  paragUicun  and  ro»e. 
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are  of  large  size,  the  inuiiense  Atlas  Moth  having  a  span  of  ten  inches. 

The  colouring  is  bright  and  very  varied  in  tint ;  it  has  no  protective 

significance  in  all  probability  and  the  resemblance  to  the  head  of  the 

cobra  seen  by  some  authors  in  the  ai>ex  of  the  wing  of  some  species  does 

not  appear  to  have  any  real  significance  ;  in  some  species  there  are  clear 

circular  spots  in  the  wing*.  The  body  is  short  and  thickset,  densely 

clothed  in  hair,  the  legs  are  short,  the  wings  very  large.  The  absence 

of  proboscis  makes  feeding  impossible  and  the  moths  are  not  long-lived. 

The  moths  deposit  large  numbers  of  round  eggs  (Plate  XLII),  which 
an*  thickshelled,  without  ornamentation  and  in  some  cases  laid  with  a 

coating  of  gum  which  makes  them  adhere  in  groui)s.  The  larva*  grow  to  a 

large  size,  and  are  characterised  by  having  tubercles  or  processes  bear- 

ing spines  :  they  are  leaf-eating  and  found  principally  upon  forest  trees. 
When  full  grown  a  cocoon  is  spun,  composed  of  more  or  less  tightly  woven 

silk  fixed  to  a  leaf  or  some  other  part  of  the  plant.  Emergence  from  the 

cocoon  is  effected  by  softening  one  end  of  the  cocoon  by  a  solvent  fluid 

excreted  by  the  pupa  or  by  the  passage  of  the  moth  through  one  eiul 

which  is  so  constructed  as  to  allow  of  the  egress  of  the  nioth  but  not  of 

the  entrance  of  insects  from  without  (see  page  481). 

The  moths  are  nocturnal  and  short  lived  ;  the  phenomenon  of  assem- 

bling ib  conspicuous  and  is  utilised  by  native  silk  rearers,  whc*  keep  only 

the  heavier  female  cocoons  for  rearing  females  ;  these  females  are  then 

expoied  at  night,  fastened  down,  and  are  fertilised  by  wild  males  which 

come  from  the  surrounding  forests.  "  Assembling  "  denotes  the  attrac- 
tion of  the  males  to  females  by  some  senBc,  possibly  that  of  smell 

which  guides  them  from  a  long  distance  ;  it  is  employed  in  collecting 

certain  butterflies  and  moths  which  exhibit  this  faculty,  the  exposure  of 

a  newly  hatched  female  being  sufficient  to  bring  up  the  males  in  the 

vicinity.    It  occurs  only  in  I..epidoptera  in  this  marked  form. 

None  of  these  species  can  be  conaidered  as  pests,  while  the  species 

producing  tasar,  eri  and  muga  silk  rank  in  economic  value  betiide  the 

true  edikworm  {Bombyx  mori,  L.)  and  the  lac  insect  {Tachardia  laeca). 

These  insects  are  wholly  confined  to  moist  forest  areas,  the  larvsp  usually 

feeding  upon  forest  trees  and  not  thriving  when  exposed  to  hot  dry 

west  winds.  For  this  reason  it  is  impossible  to  rear  theni  throughout 

India,  and  though  some  will  feed  on  cultivated  plants  such  as  castor. 
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these  are  not  cultivated  outside  limited  areas  in  which  the  insects  occur 

naturally. 

The  family  is  not  a  large  one  and  the  thirty  odd  Indian  species  are 
almost  wholly  confined  to  the  moist  hill  forest  areas.  Actios,  AttacuK 

and  AntkercBtt  are  the  principal  genera  and  the  variation  in  colour  of 

the  moths  has  led  to  their  being  described  under  a  variety  of  names, 

Hampson's  classification  in  the  Fauna  of  India  reducing  many  of 
these  doubtful  species  to  synonyms.  The  student  should  familiarise 

himself  with  these  synonyms  before  reading  the  past  literature  of  these 

insects  in  which  a  variety  of  names  are  employed  for  the  few  economi- 

cally important  species.  The  following  list  embodies  the  species  of 
Wild  Silk  Moths  referred  to  by  Cotes  (Ind.  Mus.  Notes,  Vol.  II,  No.  2) 

and  figured  by  him :  these  are  insects  which  make  silk  in  some  quantity 

but  only  three  are  actually  reared  for  silk  or  produce  a  silk  used  in 
commerce.    We  have  included  the  Bombycids,  etc.,  in  this  list. 

Att(wus atlas,  Linn. The  Atlas  Moth. 

>» 
edwardsi,  Wh. 

If 

ri/nthia.  Dr. The  wild  form  of  A.  ricini. 

» ricini,  Boisd. The  eri  silkworm  of  Assam. 

AetiaH setetie,  Hubn. 

»} mcenas,  Dubl. {= Actios  leto,  Dubl.) 
Anther  ma frithi,  Mo. 

)» helferi,  Mo. 

j> roylei,  Mo. 

I) 
assama,  Westw. The  muga  moth  of  Assam. 

i» 

paphia,  Linn. 
The  tasar  moth  (—.4.  mylitta.  Dr.) 

i> 
knyvdli,  Hamps. 

») nndamana.  Mo. 

Cricul.a trifenestrata,  Helf. 

11 drepanoiies,  Mo. 
Ijoepa newara.  Mo. 

(Rhodia). 
>) katinka,  Westw. (L.  sikkima,  Mo.,  L.  miranda.  Mo.) 

Satumia stdiczkana,  Feld. 

19 pyreiorum,  Westw. (S.  cidosa,  Mo.) 

>l grotd,  Mo, 
l> hwUoni,  Mo. 

(Neons.) 

»» 
Simla,  Westw. (Caligvla.) 
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S<iturnia 

Salassd 

Brahman 

Tficop/iihi 

(h'imini 

lltihetn,  Wcstw. 

zuh'tkn,  Ho. 

Ma,  Westw. 

roifi.  Elw. 
iraUichii,  (ir. 

hutUmi.  Wostw 

rariavK,  Wlk 

npiealm.  Wlk. 
siqtnfera.  Wlk 

(Caliyufa.) 

{Rinaea.) 

(-^H.  certhin,  F.) 

(rrhgtotsa.  Hclf..  IwwfalcHsis,  Ilutt. 

affitits.  Hutt.,  sherimlli.   llutt.) 
Trihnha  alhirollm.  Wlk 
O.  //rfrt.  Mo. 

f>.  lactea.  Hutt..  O.  diaphuna.  M»i 

Aftian  selene.  Hu)>n..  i.s  a  wrv  strikinf{  insect,  the  forowing  is  large, 

the   hindwing   produced   into  a  long  tail ;   the  colour  is  a  delicate  pale 

Ihg.  %6— ACTIAH    HRLCKX.      X  j|. 
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PLATE  XL.1I. — Anthbraea  Pafhia. 

TrssER  Silk  Woru. 

Egga.     Nataral  aize. 
Larva  newly  hatched. 
Yonng  larra. 

„  „  half-grown. 
Fall-grown  larva. 
Cocoon  on  b^r  (Zizyphw  fu/nba) 
Stalked  «x>ooon 
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green,  the  forewing  having  a  dark  pink  fore  edge ;  in  each  wing  is  a  buff 

and  red  spot.  The  larva  is  green  with  yellow  tubercles  bearing  wpines. 

The  species  is  widely  spread  over  the  hill  forest  areas  in  India,  at  low 

elevations  often,  but  is  typically  a  subtropical  and  only  occasionally  u 

plains  species  (e.g.,  in  Chota  Nagpur). 

Attacus  atlas,  Linn.  (The  Atlas  Moth),  is  the  largest  Indian  Moth, 

a  very  beautiful  vividly  coloured  insect  found  in  hilly  forest  districts 

Its  life-history  is  described  by  Grote  (Entomologist  XIT,  p.  25)  and  an 

account  of  it  occurs  in  Hardiman's  "  Silk  in  Burmah.  "  Attains 
njnthia,  Dr.,  is  stated  to  be  the  eri  silk  of  Assam,  as  also  is  Attacus  ririni, 

Boisd.,  the  two  differing  only  in  colouring  and  very  sHghtly  in  markings. 

Moths  reared  from  true  eri  cocoons  cultivated  in  Assam  proved  to  be 

the  latter  (Plate  XLIV).  The  lifehistory  has  been  fully  described 
elsewhere  and  there  is  a  literature  on  this  insect,  ijike  others  of  this 

family  it  is  wholly  dependent  upon  moist  conditions ;  the  larvsp  exhibit 

a  curious  variation,  some  being  green,  some  white,  some  being  spotted 

with  black,  others  not ;  the  cocoons  are  white  or  brick-red  but  selection 

fixes  the  latter,  while  it  does  not  influence  the  larval  colour  or  spotting. 

Anthercea  includes  the  tasar  silk  moth  (A.  papliia,  Linn.)  and  the 

muga  silk  moth  (A.  Assama,  Westw.).  The  former  makes  a  cocoon 

usually  of  the  form  shown,  fastened  by  a  stalk,  the  latter  a  simpler  oval 

cocoon.  Tasar  is  collected  in  many  forest  areas  in  India  and  is  a  very 

important  industry,  muga  is  semi-cultivated  in  Assam,  and  forms  the 
basis  of  an  industry  there. 

The  tasar  silkworm  (Plates  XLII,  XLIII)  is  not  a  domesticated 

insect  at  all,  it  feeds  Upon  trees  or  bushes  in  the  open  entirely  and  the 

sources  of  silk  are  either  of  purely  wild  cocoons  collected  by  cow-herds 
when  the  trees  are  leafless  and  they  can  be  seen,  or  cocoons  formed  on 

special  trees  by  worms  which  were  hatched  on  that  tree  from  eggs  laid  in 

captivity,  the  rearer  having  kept  cocoons  till  the  moths  emerged.  In 

this  species,  the  females  alone  are  kept,  the  males  are  allowed  to  fly  away 

and  mating  takes  place  at  dusk  with  any  male  that  comes.  There  are 

in  tusser  a  number  of  varieties  or  races,  some  two-brooded,  some  one- 

brooded  ;  the  entire  absence  of  any  control  over  this  mating,  so  far  as 

the  male  is  concerned,  is  probably  one  cause  of  the  degeneration  of  the 

tasar  industry,  since  a    female  of  a  race  that  spins  good  marketable 
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cocoons  may  be  crossed  with  a  male  of  a  poor  race,  and  the  crossing 
of  a  bivoltine  race  with  a  univoltine  probably  causes  the  irregular 

eclosion  of  moths  that  is  such  a  handicap  to  the  rearer. 

The  different  races  have  distinct  periods  of  ('closion;  there  is  a  brood 
usually  in  July-August,  followed  by  a  brood  in  October-November  in 

some ;  some  ('-close  in  September  and  are  one  brooded,  some  in  July  or 
June  with  one  brood.  Owing  to  fhe  failure  to  domesticate  fully,  the 

variety  of  races  which  cross  and  the  entire  lack  of  control  of  fertilisa- 
tion, there  is  no  distinct  pure  race  that  can  be  grown  in  domestication, 

and  were  tasar  to  be  improved  or  the  industry  revived  under  an 
increased  demand,  these  factors  must  be  taken  into  account. 

Tasar  is  found  on  a  great  variety  of  trees,  the  asan  {Terminalia 

tomerUoaa),  the  Urjun  {T.  arjuna),  the  sal  {Shorea  robusta), '  the  b(''r 
(Zizyphus  jujiiba)  being  the  more  important ;  in  gardens,  it  feeds  on 
Lagerstrwmia  indica.  The  cocoon  is  very  dense  and  hard  in  some  races 
with  a  long  or  short  peduncle.  As  a  rule,  the  summer  cocoon  is  flimsier 
than  the  winter  cocoon  where  there  are  two  races.  The  silk  is  a  reelable 

silk  as  in  Bombyx  silk  and  the  moth  must  not  be  permitted  to  emerge, 
as  the  end  of  the  cocoon  is  softened  with  alkali,  then  torn  by  the  exit  of 
the  moth. 

The  stages  are  figured  on  Plate  XLII.  The  larva  has  the  most 

beautiful  metallic  spots,  silver  or  a  reddish  gold  tinge ;  it  is  cryptically 
roloured,  being  leaf  green,  resting  in  a  very  characteristic  attitude  and 
possibly  the  metallic  spots  represent  spots  of  light  coming  through 
leaves.  The  tusser  worm  is  attacked  by  many  foes  and  a  very  low 

percentage  pass  through  their  stages  and  attain  maturity,  even 
when  the  larger  enemies  are  kept  away  ;  the  possible  rate  of  increase 
is  a  hundred  fold,  each  pair  producing  about  200  eggs ;  not  more  than  a 
tenth  of  this  is  actually  realised.  Wasps  (Vespa  and  Foliates)  feed 

on  them ;  Canthemna  furcettata,  a  Pentatomid  bug,  sucks  them ; 
Mantida  eat  them,  birds,  bats,  lizards  all  eat  them  and  a  Tachinid 

fly  parasitises  them.  The  literature  is  extensive,  but  Cotes'  articles 
on  the  Domesticated  and  the  wild  silks  of  India  give  useful  infor- 

mation and  are  well  illustrated. 

The  student  may  be  cautioned  against  accepting  some  of  the  litera- 
ture as  accurate  ;  notably  much  is  said  as  to  the  possibility  of  the  exten- 
sion of  silk  cultivation  in  India  by  English  writers  ignorant  of  the  fact 
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In  the  first  place  we  find  that  in  some  species  the  pupa  is  provided 
with  means  of  forcing  itself  out,  so  that  the  imago  can  emerge  free  to 
the  open  air.  Micropteryx  is  a  conspicuous  example,  in  which  the 
pupa  has  a  very  large  pair  of  mandibles,  with  which  it  cuts  through 
the  cocoon  and,  having  done  so  and  forced  its  way  out  with  the  aid 
of  spines  on  the  abdomen,  the  mandibles  are  shed.  The  imago  is 
then  free  to  emerge  unimpeded  by  the  cocoon.  The  same  occurs  in 
Myrtmleo,  in  Hemerobius  and  in  the  Phryganeides  ;  (this  is  only  one 
of  the  reasons  adduced  to  support  the  view  that  Micropteryx  is 
closely  related  to  the  Phryganeides).  Actually  it  is  the  muscles  of  the 
imago  which  move  the  large  j)upal  jaws,  but  the  latter  are  an  essential 
pupal  character  and  absent  in  the  emerged  adult.  In  another  group, 
in  which  pupal  emergence  occurs,  we  find  that  the  pupa  has  hard 
processes  on  the  head  and  that  the  body  is  much  ciliated  to  give  it  a 
grip  on  the  cell ;  an  instance  is  the  pupa  of  the  Bombyliid,  Anthrax, 
parasitic  in  the  aest  of  mason  bees.  In  several  groups  of  Lepidoptera, 
the  pupa  wriggles  half  way  out  of  the  cocoon  or  shelter  and  then  the 
imago  emerges.  This  is  seen  in  the  male  of  Psychidce  (fig.  328)  in 
many  Sesiida  and  Tortricidce  (PI.  Lll),  and  in  Cossidce  (fig.  330).  In 
some  of  these,  there  are  not  only  abdominal  spines,  but  on  the  head  a 
strong  process  used  for  piercing  the  cocoon.  We  may  remind  the 
student  that  the  bulk  of  Heterocerous  pupae  are  firmly  attached  to  the 
cocoon  by  the  terminal  process  and  so  cannot  move  out ;  the  families 
mentioned  here  are  in  a  minority  in  utiUsing  the  activity  of  the  pupa. 

The  more  general  device  is  some  arrangement  by  which  the  imago 
can  emerge.  One  of  the  most  striking  is  the  secretion  of  solvents  which 
either  dissolve  or  soften  the  cocoon,  releasing  the  imago.  Latter  proved 
the  presence  in  the  Puss  Moth  Cocoon  of  free  Potassium  Hydroxide,  and 
further  states  that  the  imago  is  itself  protected  by  a  part  of  the  pupa 
skin  when  it  pushes  through  the  softened  cocoon  (Trans.  Ent.  Soc. 
1895,  p.  399).  The  same  principle  is  utihsed  by  the  silk  moth  (Bomhyx  mori) 
and  by  some  Satumiidce.  For  this  reason  silk  can  be  reeled  only  from 
cocoons  from  which  the  moth  has  not  emerged,  as  the  solvent  is  injurious 
to  the  fibres  of  the  silk.  In  a  number  of  species  of  SaturniidcB,  this  process 
is  flupplMnented  or  replaced  by  the  action  of  two  spines,  one  on  each 
f  orewing  at  the  base  of  the  costal  edge ;  the  imago  emerges  with  crumpled 
wings  and  with  the  spines  projecting  forward  before  the  head ;  these  are 
used  to  cut  through  the  cocoon  and  allow  the  moth  to  emerge.  This  occurs 
in  the  gmera  Saturnia,  Actios  and  Anthercea.  In  Attactis  this  does  not 
occur,  but  the  cocoon  is  spun  with  one  end  closed  with  thread  loops,  in 
such  a  way  that  anything  trying  to  get'in,  forces  the  loops  together, 
but  the  moth,  emerging  from  witmn,  forces  the  loops  apart.  Similar  devi- 

ces are  far  more  common  probably  than  are  now  recorded ;  in  Eanias 
fabia,  for  instance,  the  cocoon  is  of  peculiar  shape,  and  the  lips  of  one  end 
close  mechanically ;  the  moth  pressing  from  within  escapes  easily  and  the 
lips  gape  readily  if  the  cocoon  is  pressed  from  above  ;  but  it  resists  any 
attempts   at  entrance  from  without.    It  would  be   of  great  interest  to 
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that  this  is  purely  a  matter  of  climate  ;  it  is  impossible  to  grow  any  kind 

of  silk  profitably  unless  the  climate  is  suitable,  which  it  is  only  in  well 
defined  tracts  for  each  species.  It  must  also  be  remembered  that  the 

production  of  a  textile  fibre  from  silk  caterpillars  of  whatever  kind 

requires  primarily  an  abundant  supply  of  absolutely  cheap  labour 

in  whom  the  occupation  is  hereditary ;  given  all  other  conditions, 

a  suitable  equable  moist  climate,  a  healthy  race,  a  supply  of  food- 
plant,  and  a  demand  for  the  fibre,  silk  as  an  industry  cannot  be  carried 

on  except  by  low-paid  people  to  whom  the  occupation  comes  naturally 
from  childhood  ;  it  has  never  and  will  never  be  carried  on  in  countries 

where  living  is  dear  or  where  labour  finds  high  wages,  unless  the 

demand  for  silk  increases ;  no  insect  fibre  can  be  produced  at  the 

low  cost  of  a  vegetable  fibre  ;  the  lowest  price  for  a  pure  silk  (£120  a 

ton  for  eri  cocoons)  is  above  the  price  of  all  vegetable  fibres  excepting 

that  of  the  very  best  flax  which  reaches  this  price  in  some  years. 

The  attempts  to  grow  silk  in  the  United  States  for  instance  have  all 
ended  in  failure  for  this  reason. 

Cricula  trifenestrata,  Helf.,  is  the  only  species  which  can  properly 

be  brought  within  the  fauna  of  the  plains  of  India.  Its  caterpillar  lives 

upon  the  mango  tree  in  lower  Bengal  and  Burma ;  it  is  clothed  in 

poisonous  spines  and  therefore  dangerous  to  handle  ;  Mr.  Jamini  Mohan 

Ghose  informs  me  that  it  is  a  common  belief  in  Mymensingh  that  if 

the  mouth  touches  any  portion  of  the  human  body,  that  part  will 

decay  as  in  leprosy ;  the  caterpillar  is  accordingly  feared  and  nothing 

is  done  to  check  it,  though  it  wholly  defoliates  the  mango  tree. 

Attempts  to  make  an  industry  in  it,  for  spun  silk,  have  been  made 

in  Burma  (Silk  in  Burma,  J.  P.  Hardiman,  p.  20). 

EMEROBNCE  FROM  THE  COCOON. 

Very  little  attention  has  been  paid  to  that  one  moment  in  the  lives 
of  so  many  insects  when  the  imago  emerges  from  the  pupa  and  has  to 
make  its  way  out  of  the  cocoon  or  other  pupal  envelope.  If  the  cocoon 
or  covering  is  sufficiently  perfect  to  resist  the  weather  and  the  foes  of 
the  pupa,  how  is  the  usually  soft  and  delicate  insect  to  escape  ?  We 
have  not  space  here  to  discuss  this  exhaustively,  nor  are  the  data 
available  for  many  Indian  insects  ;  we  indicate  some  of  the  commonest 
methods  chiefly  in  order  to  direct  the  attention  of  the  student  to  this 
neglected  point. 
Uh  31 
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investigate  this  device  in  cocoon-making  Lepidoptera ;  it  apparently  gives 
place  to  the  simpler  device  of  the  less  strongly  woven  cocoon  from  which 
the  moth  escapes  by  pushing  through  the  loose  fibres  and  hairs  at  one 
end  ;  there  are  probably  many  transitional  stages  from  this  to  the  stout 
self-opening  cocoon.  The  Arctiids  commonly  have  loose  cocoons  as  do 
many  Noctuids,  Pyralids,  Tineids,  etc.  For  these,  as  for  many  Cole- 
optera,  the  body  of  the  pupa  is  set  with  backwardly  directed  spines  and 
a  terminal  hook  to  give  the  moth  the  necessary  purchase  to  escape. 

Finally,  there  are  a  great  number  of  stout  cocoons  in  which  a  definite 
lid  is  provided  which  comes  off.  Limacodida  are  a  conspicuous  example 
(fig.  334).  In  these  cases  there  is  a  definite  line  of  weakness  along  the 
wall  of  the  cocoon  and  we  may  admire  both  the  instinct  of  the  larva  in 
providing  it  and  its  ability  to  so  make  the  cocoon.  It  occurs  also  in  some 
Braconidcp,  and  in  Cionus  among  Curculionidee.  In  the  latter  the  larva 
can  be  seen  through  the  horny  cocoon  preparing  its  shelter  and  leaving 
the  line  of  weakness.  By  what  means  the  emerging  imago  ruptures 
the  lid  is  not  known,  but  as  little  strength  is  required,  there  are  probably 
as  a  rule  no  special  devices.  In  a  great  number  of  species,  especially 
of  Coleoptera,  the  imago  employs  its  own  }aws.  The  beetle  comes  out  of 
the  pupal  skin,  rests  till  the  chitin  is  hard  and  then  bites  through  the 
cocoon  or  the  end  of  the  gallery  in  which  it  may  be  and  so  emerges.  In 
many  weevils  the  true  mandibles  are  provided  with  false  mandibles  for 
this  purpose,  which  drop  off  and  leave  a  scar,  after  they  have  been  used. 
In  the  Sawfly  Athalia  proxima,  the  imago  cuts  a  lid  in  the  end  of  the 
tough  cocoon  with  its  j  aws  and  then  emerges.  Most  Aculeate  Hymenoptera 
do  the  same,  the  thin  cocoon  being  bitten  through,  and  this  occurs  even  in 
Megaehile,  where  masonry  has  to  be  pierced. 

We  have  skirted  round  this  fascinating  subject  in  a  superficial  manner, 
but  we  may  have  said  sufficient  to  indicate  that  there  is  here  great  scope 
for  observation.  There  are  probably  abundant  devices  as  yet  unknown, 
and  we  do  not  pretend  to  have  even  indicated  all  that  are  known,  but 
there  is  very  little  on  record  for  Indian  forms. 

B0MBYCID.S. 

Proboscis  and  frenulum  absent.    Forewing,  vein  5  nearer  6  than  4. 

Hindwing  vein  Ir.  absent,  vein  8  remxite  from  7,  connected 

to  or  approximating  to  the  cell. 

This  family  includes  only  fifteen  species  of  small  dull  moths  known 
by  the  bipectinate  antennse  of  both  sexes  and  the  hairy  spurless  legs. 

The  proboscis  is  absent,  the'  antennse  are  bipectinate  in  both  sexes,  the 
legs  hairy  and  without  spurs.  The  larva  is  elongate,  with  dorsal  humps 
OT  a  terminal  horn  and  is  not  hairy.    A  cocoon  of  silk  is  formed. 
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nature  of  the  support,  but  the  inner  layer  is  often  formed  of  practically 
one  thread,  disposed  regularly  round  and  round  and  finally  ending  at 
some  point  inside  the  cocoon  where  the  caterpillar  finishes.  The  cocoon 
is  thus  built  up  from  inside,  the  outside  layer  first,  the  fine  inner  layer 
last.  In  many  insects  this  is  then  cemented  with  material  produced 
by  the  caterpillar  from  the  alimentary  canal  and  the  cocoon  is  finished. 
In  some,  the  production  of  silk  is  not  continuous,  the  caterpillar  probably 
resting,  and  the  cocoon  consists  of  distinct  layers  which  may  be  separated ; 
this  is  the  case,  for  instance,  in  Eri  and  is  the  reason  why  a  distinct  thread 
cannot  be  got  from  these  cocoons. 

This  is  the  principal  use  of  silk  in  the  insect  world,  for  the  prepara- 
tion of  the  cocoon  to  shelter  the  pupa  ;  the  cocoon  may  not  be  of  pure 

silk  but  may  include  fragments  of  plants,  leaves,  etc.,  or  as  well  as  earth 
or  other  matter  ;  the  hair  of  the  larva  is  in  many  used  with  the  silk  and 
forms  a  large  part  of  the  cocoon.  Silk  is  also  produced  by  glands  opening 
on  other  parts  of  the  body  than  the  lower  lip  and  then  differs  little  from 
the  gummy  matter  produced,  for  instance,  by  some  weevils  for  the  prepar- 

ation of  the  cocoon  (c.  /.  Cwnvs,  Gurculionidw). 
Silk  is  not  known  to  be  produced  by  any  member  of  the  order 

Orthoptera.  The  EmbiidcB  produce  very  delicate  silk  from  glands  situate 
in  the  forefeet ;  with  this  they  prepare  small  web-like  shelters  on  the  soil 
under  which  they  live.  The  Psocidw  prepare  somewhat  similar  webs  on  the 
bark  of  trees  or  on  old  wood,  the  silk  being  excreted  from  the  mouth- 
parts  in  the  usual  way  and  being  of  a  very  fine  nature.  The  Myrmeleonides 
and  Hemerobiides  among  the  HetnerobiidcB  produce  silk  cocoons  ;  in  the 
former  the  silk  is  the  product  of  anal  glands  and  issues  from  a  single  spin- 

neret at  the  apex  of  the  abdomen ;  the  cocoon  is  white  and  hard,  the  pupa 
being  provided  with  jaws  for  cutting  through  and  emerging.  In  the 
Hemerobiides  the  cocoon  is  round  and  white  or  is  very  flimsy  and  partly 
formed  of  a  leaf. 

Among  the  Phryganeidce  silk  is  in  constant  use  for  the  preparation 
of  the  cases  in  which  the  larva  lives  and  is  the  product  of  the  salivary 
glands ;  some  species  {Hydropgyche)  use  the  silk  also  in  the  preparation 
of  the  nets  which  are  used  to  catch  their  prey.  The  use  and  production  of 
silk  m  this  group  is  similar  to  that  in  Lepidoptera.  Throughout  the 
Hymenoptera  silk  is  produced  by  the  larva  for  the  cocoon  ;  these  cocoons 
are  of  very  varied  form,  but  are  almost  universally  formed  of  very  close 
fine  silk.  No  cocoon  is  formed  by  some  of  the  parasitic  forms  which 
pupate  in  the  skin  of  the  host.  Among  Formicidce  the  silk  is  sometimes 
employed  for  nest  building  ;  this  is.  especially  the  case  with  the 
common  red  tree  Ant  {(Eecophjlla  smaragdina)  an  account  of  which  is 
given  on  page  232. 

Among  Coleoptera  true  silk  is  not  formed,  cocoons  being  made  of 
cement  produced  by  the  alimentary  canal ;  in  at  least  one  species  of  Chrys- 
omelid,  however  {Oiden  bipunctatus),  this  secretion  takes  the  form  of 
coarse  threads  spun  over  the  pupa  and  forming  a  very  Tough  cocoon  of 
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is  not  attacked  by  either  pepsin  or  trypsin,  while  by  strong  acids  or 
alkalies  it  is  converted  into  albumoses  or  albuminates.  The  silk  coverings 

of  wasp  cells  and  spider's  webs  give  the  reactions  and  show  the  solubili- 
ties of  fibroin  (Engel  and  Schlossberger). 

Sericin  resembles  ordinary  gelatin  in  its  solubility,  but  does  not 
gelatinise  so  readily  and  is  precipitated  by  acids.  The  presence  of 
glycocoU  is  doubtful,  while  tyrosin  and  serin  are  abundant. 

PERCENTAGE  COMPOSITION. 

Gelatine. Sericin. Fibroin. 

GlycocoU  (Amino- Acetic  acid). 
1(5-5 

0-1-0-2 

36-0 

Alanin  (Amino-propionic  acid). 0-8 5-0 

21-0 

Leucin  (isobutyl-a  -amino-acetic  acid). 2-1 

present 1-5 Phenylalanin. 0-4 
1-5 

Prolin  (u-Pyrrolidin-carboxylic  acid). 5-2 
0-3 

Glutamiuio     acid,    (<i-Amino-normal 
glutaric  acid). 

14-0 Aspartic  acid  (Amino-succinic  acid). 

0-5() 

Serin      («-Amino-/5-hydroxy- propionic 
acid). 

present ()•() 1-6 Hydroxy-pyrrolidin  carboxylic  acid 
(C,H,NO,). 

.•j-o 

Ly8in(«  diamino-normal-caproic  acid). 
5 -.5 

present. present. 
Histidin.  (Cfl  H,  Ng  0  .) 

•4 

present, 
Arginin(Guanidin-'«-amino- valerianic 

acid). 9-;i 
4-0 1-0 Ammonia. 

•43 

1-87 

Tyrosin  (phenyl-«-hydroxy-a-amino 
propionic-acid). n-0 

10-0 TJie  weight  of  silk  produced. — In  the  cocoon  the  relative  weight  of 
silk  formed  is  shown  from  the  following  figures  of  three  Eri  cocoons 
{Attacus  ricini). 

Full-grown  larva. 126. 

grains. 

91-6 

101. 

Cocoon,  etc.,  at  emergence. 

47-4 

»> 

36-8 

38-8. 
„         „    after      „ 

a-2 
it 

6-8 

6-0. 

Pupa  case,  etc. 
1-1 

») 

•8 
•9. 

Cocoon. 71 ,, 5-8 

4-9. 

It  has  been  found  that  in  Eri  silk  75  to  90  pounds  of  leaf  must  be  fed 
to  worms  to  produce  a  pound   of  silk. 

The  following   are  the  more   important  characteristics  of  the  four 
conmiercial  Indian  silks  :— - 
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tMck  silk.  The  hincMd  Caryborus  gonagra  prepares  a  cocoon  of  coarse 
gummy  threads  that  almost  come  within  our  definition  of  silk  but  which 
are  also  very  little  removed  from  the  typical  gummy  secretion  of  other 
Coleojitera. 

The  production  of  silk  as  described  above  is  general  throughout  the 
Hesperiidce  and  all  Heterocera  during  larval  life.  In  many  Micro-Lepi- 
doptera,  the  silk  is  of  vital  importance  in  larval  life,  being  used  to  fasten 
together  the  habitations  of  leaves  or  other  matter.  So  also  in  Hesperiidce 
and  Psychidce.  In  other  groups  the  larvae  use  silk  in  very  early 
life  only  {e.g.,  Caradrina  and  other  Noctuids)  or  use  it  to  let  themselves 
down  from  leaf  to  leaf  ;  practically  all  can  use  it  to  make  a  rough  surface 
to  walk  on  if  they  are  placed  on  too  smooth  a  surface  ;  and  finallv,  nearly 
all  use  it  in  the  preparation  of  the  cocoon  or  of  the  covering  of  leaves, 
etc.,  which  shelters  them  during  the  pupal  period. 

Among  Diptera  silk  is  produced  in  the  normal  manner  by  the  larva 
of  Simuhum,  which  lives  in  hill  streams  and  fastens  a  network  of  threads 
across,  along  which  it  moves ;  some  other  Diptera  which  live  in  soil  under 
bark,  etc.,  also  prepare  silken  shelters. 

Cocddw  are  the  last  family  in  which  silk  can  be  said  to  be  formed, 
and  this  silk  is  the  product  of  the  numerous  glands  on  the  pygidium  ; 
the  scale  of  the  Diaspince  is  formed  of  felted  threads  of  silk  produced 
from  these  glands  with  the  cast  skins  of  the  previous  instars.  In  this 

family  as  in  Aleurodidw  the  glands  producing  waxy  thread-Uke  excre- 
tions are  very  abundant  and  can,  strictly  speaking,  be  hardly  called  silk 

glands  ;  in  the  Diaspinee  alone  is  the  secretion  used  as  silk  is. 

The  composition  of  silk.* — The  main  constituents  of  silk  fibre  are 
fibroin  coated  with  a  glue-like  substance  called  Sericin  or  Silk-Albumen, 
and  coloured  with  ceraceous  matter.  Lombardy  silk  {Bombyx  mori) 
yields  about  70%  fibroin  and  30%  sericin  and  even  technically  purified 
silk  contains  about  5%  glue.  Fibroin  is  insoluble  in  superheated  water, 

in  dilute  acids  or  alkalies ;  it  can  be  heated  to  120°  C.  for  hours  without 
any  change  taking  place. 

Sericin  is  soluble  in  weak  alkaline  solutions  and  in  hot  water,  from 

which  it  can  be  precipitated  as  a  white  powder  by  alcohol.  The  yellow 
colouring  matter  of  raw  silk  consists  ol  chlorophyll  (the  green  colouring 
matter  of  plants)  more  or  less  altered  and  deprived  of  its  blue  constituent. 
From  the  cocoon    unaltered  chlorophyll  may  be  extracted. 

Fibroin  is  obtained  by  exhausting  the  silk  with  boiling  water,  alcohol 
(to  dissolve  and  precipitate  sericin),  ether  and  acetic  acid  successively  ; 
analysis  shows  a  very  high  nitrogen  and  a  very  low  carbon  content.  Tt 
differs  in  its  constitution  very  considerably  from  other  albumins,  as  it 
contains  more  than  50%  GlycocoU,  1C%  of  ty  rosin  and  only  a  small  amount 
of  leucin.  Olutaminic  and  Aspartic  acids  are  absent,  and  the  base 

radicles  are  sUght  in  amount.    It  gives  the  biuret  and  Millon's  reactione, 

»  Kindly  prepared  by  J.  H.  Barnee,  Esq.,  Agricultural  Chemiet,  Fnniab. 



Pl.ATE    XLIV.    -Attacus  >{icim. 
Eri  Silk  Moth. 

Fig.    1.      Female  above. 
„       2.      Male  beluw.      {The  anieiiiisc  are  shovs  n  too  suiall.) 





ATTACUS  RICINl. 
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BoMBYX  MORI :   Mulberry  Silk  : 

Univoltine  Italian  raoeM  or  Multivoltine  Indigenous  races ;  mulberry 
the  exclusive  foodplant  used ;  wholly  domesticated,  never  free-living, 
silk  white  or  yellow,  reelable,  the  pupa  requiring  to  be  stifled.  Grown 
in  Bengal  and  Eastern  Bengal  as  in  parts  of  the  Punjab,  Baluchistan, 
and  in  Kashmir  for  export  or  local  u«e. 

ANTHBKiEA    PAPHIA  :     TaSAR. 

Univoltine  or  bivoltine,  polyphagous  on  wild  forest  trees ;  never 
domesticated,  but  fertilisation  takes  place  in  captivity  from  reared 
females ;  found  wholly  free-living  in  forests.  Silk  dirty-brown,  reelable, 
cocoon  with  a  peduncle,  pupa  requiring  to  be  stifled.  Collected  in  the 
forests  of  Bombay,  Madras,  Central  Provinces,  Bengal,  United 
Provinces  and  the  Punjab  for  local  use  and  for  export. 

Attacus  ricini  :  Eri. 

Multivoltine,  polyphagous  but  reared  only  on  castor ;  partly  or 
wholly  domesticated  for  rearing  but  also  found  wild  rarely  ;  silk  white 
or  brick-red,  not  reelable,  the  moth  being  often  allowed  to  emerge  from 
the  cocoon  before  it  is  used ;  cultivated  in  Eastern  Bengal  and  Assam 
mainly  for  local  use,  but  also  for  export  for  spinning  with  the  waste  of 
mulberry  and  other  reeled  silks. 

Anther^ea  Assama  :  Muoa. 

Multivoltine  polyphagous  on  wild  forest  trees  ;  partly  domesticated 
but  also  found  wild  ;  silk  white  or  yellow,  reelable,  the  pupa  requiring  to 
be  stifled ;  cultivated  in  Eastern  Bengal  and  Assam,  mainly  for  local  use. 

Literature. — There  is  an  extensive  literature  on  Indian  silk  and 

sericulture  ;  with  the  exception  of  Cotes'  papers  in  Indian  Museum  Notes, 
little  has  been  written  by  persons  acquainted  with  entomology  but  much 

is  valuable  from  other  points  of  view ;  Watt's  Dictionary  of  Economic 
Products  summarises  the  literature  down  to  189.3,  since  then  the  principal 

papers  published  are  : — 

Monograph  of  Silk  Fabric  Industry  in  Madras  (E.  Thurston,  1899). 
Monograph  upon  the  Silk  Fabrics,  Bombay  (S.  M.  Edwardes,  1900). 
Monograph  upon  the  Silk  Fabrics,  Bengal  (N.  G.  Mukherji,  1903). 
Monograph  upon  the  Silk  Fabrics,  Assam  (B.  C.  Allen,  1899). 
Monograph  upon  Silk  in  Burma  (J.  P.  Hardiman,  1901). 
Monograph  on  Silk  Fabrics  in  North-West  Provinces  and  Oudh 

(A.  Yusuf  AU,  1900). 
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Monograph  on  Silk  Industry  of  the  Punjab  (W.  M.  Hailey,  1899). 

Report  on  an  Inquiry  into  Tasar  Silk  Industry  in  Bengal  and  the 
Central  Provinces  (N.  G.  Mukherji,  1905). 

RVLAHMMIVM. 

Frenulum  (tbsent ;    forewing,  vein  5,  nearer  G  than  i.    Hindwing, 

vein  8,  approximated  to  or  anastomosing  with  7,  Ic.  absent. 

A  family  containing  a  single  genus  of  two  species  in  India,  confined 
to  the  Himalayas  and  Burma. 

Brahmaea  wallichii,  Gray,  and  B.  hearseyi,  Wh.,  are  large  olive  brown 

moths  of  an  expanse  of  5  to  7  inches,  the  wings  with  many  black  marks. 
They  are  not  found  in  the  plains  and  are  characteristic  of  the  hill  forest 
areas. 

Uraniid^. 

Forewing  with  vein  7,  remote  from  8  and  9,  usuaUy  stalked  with  fi ;  .5 

nearer  (5  than  4.    Hindwing  with  vein  8  diverging  from  7 
at  the  base,  vein  Ic.  absent. 

A  family  of  moths  almost  wholly  confined  to  the  Himalayan  and 

other  hill  regions.  In  the  Fauna  of  India,  Moths,  Vol.  Ill,  ."iO  species 
are  described,  and  Hampson  has  added  24  species  since.  It  includes  the 
insects  described  in  the  Fauna  of  India  under  Uraniidw,  Epicopiidw, 

Epiplenudw  :  of  the  first,  none  arc  plains  species  and  none  will  be  found 
outside  the  hills. 

EjncojnidcB. — These  are  moths  resembUng  Papilionid  butterflies  in 
appearance  and  form.  This  family  consists  of  a  single  genus  and  five 

species,  wholly  confined  to  the  Indo-Malayan  region,  Japan  and  China. 
The  moths  are  large,  coloured  in  black  with  red  and  yellow  markings  ; 
the  torewings  are  black,  the  costal  margin  long ;  the  hindwings  are  long, 
narrow  and  of  the  form  typical  of  certain  Fapilios  marked  with  yellow 

blotches  and  red  marginal  spots.  The  body  is  narrow,  coloured  in  red 

and  black.  The  caterpillars  so  far  as  known  are  clothed  in  white  efflores- 
cence which  may  be  in  the  form  of  a  dense  filamentous  coat  or  of  a 

powdery  covering.     They  live  on  trees  and  pupate  in  a  hght  cocoon. 
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Two  forms  of  the  species  Epioopia  philenora,  Wesfcw.,  occur  in  Bengal, 
the  remaining  species  and  forms  in  the  Himalayas,  Malay  Peninsula, 
China  and  Japan.  The  most  recent  account  of  the  family  is  in  Genera 
Insectorum  by  A.  Janet  and  P.  Wytsmann.  Of  the  EpipUmmm  a  small 
dull  brown  moth  Dirades  thedata,  Guen.,  alone  occurs  in  our  area, 

appearing  during  the  rains.  Its  life-history  appears  to  be  wholly 
unknown. 

PSYCHII)^. 

Female  wingless  in  a  case ;  larva  of  both  sexes  m  a  rase.  Frenulum 

present  m  male;  forewinq  with  vein  Ic.  present  ;  proboscis  absent  ; 
middle  spurs  of  hmd  tibim  small  or  absent.  Hmdwmg  wtlh  vein  8 
connected  to  cell  hif  a  bar  or  free ,    \c.  present. 

The  insects  composing  this  family  are  immediately     recognisable 
from  the  fact  that  the  female  in  all  stages,  and  the  male  except  in  the 

Fi(f.  328-Mahahbna  anAMiNivoBA.    A.  Male,  B. 
Femalb,  0.  Larva.    [I.  M.  N.] 

imago  stage  live  in  cases  composed  of  vegetable  matter  and  silk,  the  case 

having  a  characteristic  form  for  each  species.    Case  bearing  larvse  occur 





PLATE  XLY— Arbkla  Tbthaonis. 

>•  Lai  VII,  full  grown. 

3.     Seuuiid  and  third  abdominal  segments  of  Inrva. 

t         Pupil 

5.  Veiititil  suiface  of  pupa,      x  0. 

6  Apex  of  abdomen  of  pupa    x  C. 
7,  Moth 

8.  Hranch  showing  the   niaHseR   of  excrement  and    webbing    wii.h 
which  it  covers  ihe  bark  on  which  it  feeds. 
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also  in  other  groups,  e.g.,  Tinea  in  houses,  Coleoptera,  etc.,  on  plants, 
but  they  are  far  smaller. 

The  males  are  small  delicate  moths  with  dusky  or  hyaline  wings  and 

markedly  pectinate  antennae.  They  are  very  rarely  seen  and  come  out 

after  dusk.  The  female  is  an  undeveloped  chrysalis-like  insect  without 
wings,  which  remains  in  the  larval  case. 

The  hfe-history  of  the  known  species  is  as  follows :  The  female  is 
fertilised  by  the  male  in  the  case,  the  long  protrusible  abdomen  of  the  male 
penetrating  into  the  female  case  from  above.  Eggs  are  laid  in  the  case, 

the  female  gradually  shrinking  up  as  the  eggs  fill  the  lower  portion  of  the 

case.  The  larvae  hatch,  emerge  from  the  parents'  case  and  make  their 
own  little  cases  of  vegetable  matter  and  interwoven  silk ;  these  cases  are 

extremely  tough  and  durable,  with  a  characteristic  form  and  constitu- 

tion for  each  species.  Pieces  of  leaf,  thorns,  leaf-stalks  or  finely  divided 
vegetable  matter  are  woven  into  the  case  which  is  open  at  each  end,  the 

head  and  thorax  of  the  larva  emerging  at  one  end  ;  progression  is  effected 
by  the  thoracic  legs,  the  case  being  firmly  held  by  the  hind  end  of  the 
body.  This  larva  is  a  typical  caterpillar  with  three  pairs  of  legs  and  can 
extrude  the  thorax  for  purpose  of  locomotion,  dragging  itself  and  its  case 

slowly  along ;  when  full-grown  the  male  larva  closes  the  case  after  firmly 
fastening  it,  the  caterpillar  pupates  head  downwards,  the  pupa  wriggles 
half  through  the  lower  open  end  and  a  moth  emerges.  The  female  larva 

moults,  passes  through  a  period  of  rest,  and  b  found  in  the  case  as  a  vermi- 
form sac,  without  external  structures  and  simply  a  bag  of  eggs  with  a 

genital  opening  below.  The  male  seeks  out  the  female,  fertilises  her  by 

introducing  his  protrusible  abdomen  at  the  upper  end  of  the  case  and 

stretching  it  to  the  lower  end  and  she  subsequently  lays  her  eggs  in  a 
mass  in  the  lower  part  of  the  case.  Parthenogenesis  occurs  in  one 
species,  but  is  not  known  in  any  Indian  species. 

Hampson  lists  35  species,  and  has  added  five  since,  almost  all  from 

Ceylon  or  the  hills.  Actually  very  little  is  known  of  the  group,  as  the 
moths  are  rarely  captured  and  it  is  not  always  possible  to  rear  the  larvae. 

Species  can,  of  course,  be  distinguished  only  from  the  male  moth.  No  spe- 
cies is  really  common,  but  several  species  are  likely,  to  be  found,  as  larvae, 

in  the  plains.  The  life-history  is  a  slow  one,  and  to  breed  the  males 
requires  much  patience,  but  it  is  the  only  satisfactory  method. 



PLATE    XLV. 
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An  tram  has  describedthelife-history  of  J.  dea,  Swinh.,  and  A.  quad- 
rinotcUa,  Wlk.,  which  eat  the  bark  of  tea  in  Assam.  (Bull.  Tea  Associa- 

tion, 1907,  No.  5.) 

Ratardtd^e. 

Frenulum  absent ;  foreicing,  vein  \c.  present ;  proboscis  abser\t, ;  middle 
spurs  of  hind  tihiw  short  or  absent.    Hindwing,  vein  8  free 

or  conneried  to  cell  by  a  bar,    vein  Ir.  present. 

The  family  contains  a  single  genus  Ratarda,  of  moths  formerly 
classed  with  LymantriidcF  and  consists  of  a  single  species,  R. 
marmorata.  Mo.,  described  from  Sikkim. 

Bath  sexes  winged.    Frenulum  present,  proboscis  absent,  middle  spurs 

of  hind  tibicB  short  or  absent ;   forewing,  vein  \c.  present,  hindwing, 
vein  8  free  or  connected  to  cell  by  a  bar,  remote  from  7,  vein  Ic.  present. 
Larva  boring,  pupa  in  bore. 

These  are  medium-sized  to  large  moths,  with  long  narrow  wings  and 
a  long  abdomen,  usually  coloured  in  grey,  brown  or  dull  colours.    The 

Fig.  :^30-  Zeczbba  cmrFEM.    [I.  M.  N.] 

antennsp  are  bipectinate  in  the  males  or  in  both  sexes,  the  males  being 
usually  conspicuously  smaller  than  the   females.    The  larvae  are  found 



cossin^K. 
496 

boring  in  trees,  eating  large  tunnels  through  the  wood.  They  are 
smooth  with  five  pairs  of  suokerfeet,  the  body  usually  with  chitinous 
dorsal  plates.  Some  emit  a  characteristic  and  unpleasant  odour. 
Pupation  takes  place  in  the  tunnel,  the  pupa  not  in  a  cocoon  ;  a  hole  is 

previously  made  to  the  outside  and  the  pupa  before  emergence  wriggles 
partly  out  of  the  bore,  the  moth  then  escaping  readily.  The  moths  are 

nocturnal  in  habit.  Practically  all  are  hill  forest  species  and  only 

rarely  found  in  "the  plains.  Hampson  lists  twenty-three  species  as 
"Indian." 

Cossus  cadamhcB,  Mo.,  is  a  brown  insect  whose  larva  is  recorded  as 

boring  in  teak  in  Travancore.    (Ind.  Mus.  Notes,  I,  p.  198.)     Duotnilm 

J 

'^s^A  ite^ 

}\K 

Fig.  3S1-C08SDS  CADA.Ha»:.    [I.  M.  N.] 

Uwionotui,  Wlk.,  is  a  large  black  and  white  moth  with  an  expanse  of  4 
to  5  inches  in  the  male  and  7  inches  in  the  female.  This  insect  occurs 

scattered  over  India,  usually  near  or  in  forest  areas.    2>.  mtnetM,  Gram., 



4-96  LKPIDOPTBRA. 

is  smaller,  coloured  in  metallic  blue  and  yellow,  also  widely  scattered 
but  not  common. 

Azygophleps  scalaris,  Fabr.,  and  A.  jmsilla,  Wlk.,  are  found  rarely. 

The  former  is  found  boring  in  Sesbania  gravdiflora  (agathi)  and  S.  cegyp- 
tiaca  (Jainti)  in  Bengal  and  Madras.  The  moth  lays  a  large  mass  of 

eggs,  numbering  from  500  to  2,000,  between  and  on  the  leaflets,  cemented 

firmly  together.  The  caterpillars  on  hatching  let  themselves  down  by 
threads  and  are  blown  from  plant  to  plant  and  so  secure  a  wide  distri- 

bution among  the  thickly  growing  plants.  A  single  caterpillar  tunnels 
from  the  growing  points  down  the  main  stem,  biting  holes  to  the  air  at 
intervals.  Larval  life  lasts  from  7  to  12  weeks,  the  full  grown  caterpillar 

being  white,  nearly  three  inches  long.  Pupation  takes  place  in  the 
tunnel  behind  silken  partitions,  and  the  moth  emerges  from  the  pupa 

after  it  has  pushed  its  way  through  these  and  through  the  thin 
epidermis  of  the  bark  which  alone  is  left  intact. 

Zeuzera  includes  the  red  Borer  of  the  coffee  plant,  Z.  coffees,  Nietn. ; 

the  reddish  caterpillar  tunnels  in  the  stems  of  the  coffee  bush  and  is 

often  destructive ;  it  is  also  found  in  Sandal  (Santalum  album) ;  a  consi- 
derable amount  of  attention  has  been  paid  to  this  insect  and  the  interested 

reader  may  consult  Bidie,  the  Bavages  of  the  Borer  (Madras,  1S(59). 

LASIOCAMPIDiG. 

Fremilum  absent,  Mndwing  tpith  vein  la.  reaching  the  tornus,  no  pre- 
costal  spur  to  vein  8,  which  is  curved  and  approximated  to  or  connected 
with  7,  or  anastomoses  with  it.  Forewing  with  vein  5  nearer  i  than 
6  ;  hindwing  with  vein  Ic.  absent.  Larva  with  downwardly  directed 

tufts  of  hair,  pupa  in  cocoon  of  silk  and  hair. 

The  moths  cannot  be  recognised  on  superficial  characters  in  the  field ; 

most  are  of  moderate  size,  thick  bodied,  of  light  colour,  cryptic  in  design. 
Their  resemblance  when  in  the  resting  attitude  to  a  leaf  is  sometimes  very 

marked  and  beautiful.  The  antennae  are  short  and  bipectinate,  the  palpi 

small  and  porrect.  The  leg^'are  hairy  with  minute  spurs,  the  females 
usually  with  an  anal  tuft  of  hair.  Males  and  females  differ  in  little  but 

size,  colour  and  the  extent  of  pectination  of  the  antennae.  The  life- 
history  is  known  in  some  species  ;  the  eggs  are  laid  in  irregular  clusters 

and  covered  in  hair ;  the  larvae  are  hairy  without,  upright  tufts  but  with  ' 





PLATE  XLVl.— Tbabala  Vishnu.
 

Castor  Hairy  Caterpillar. 

Fig.  1.  Egg«i. 

•1.  Newly  hatched  larva. 

„      3.  Half-grown  .. 

„      t.  Full-grown  „ 
.f).  Cocoon. 

"      ̂-  \  Pupa. 

"    
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«.     Male,  resting  attitude. 

„      '.).     Female,         >> 
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long  tufts  projecting  in  front  and  short  tufts  laterally.   They  are  all  herbi- 
vorous and  sometimes  destructive.   Pupation  takes  place  in  a  cocoon  of 

mingled  silk  and  hair,  usually  on 

the  soil  among  leaves,  etc.  So 
far  as  known,  hibernation  takes 

place  in  the  pupa  stage  and  the 

insects  breed  freely  in  the  rains. 

Over  fifty   Indian  species  are 

listed  by  Hampson  of  which  about 

six  are  to  be  found  commonly  in  the 

Pig.  s-sa-MRTANASTRiA  HVRTAi'A.   MALE,  plains.    Twrogamasiva,  Lef.  (Plate 

XLI,  figs.  8-11),  is  a  handsome 
moth,  whose  larva  feeds  on  rose,  on  bor  (Zizyphus  jujvba)  and  babul 

{Aoaria  arabira) ;  it  is  greyish  brown  with  tufts  of  long  hair,  on  the 

thorax  are  tufts  of  short  dense  hair  which  open  to  display  a  band  of 

orange  and  bright  blue  hair.  The  cocoon  is  formed  on  a  twig  of  the 

plant.  Svana  roncolor,  Wlk.,  is  recorded  as  feeding  on  Sal  {Shorea 
rohvsta). 

Fip.  383— Mrtakabtria  hyktaoa.  Fkhalr. 

The  larva  of  Metanastria  hyrtaca,  Cram.,  was  found  by  Foraayeth 

(Trans.  Ent.  Soc,  London,  1884,  p.  407)  to  feed  upon  the  mohwa  tree 

(Bassia  latifoUa).  It  has  been  reared  from  -Albizzia  stipulata.  The  grey 

larva  is  clothed  in  black  hairs,  with  a  velvety  black  patch  on  the  mesono- 

tum,  which  is  conceahed  by  the  skin  except  when  the  larva  stretches 
out. 

IIL  32 
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Trcibala  vishnu,  Lef.,  is  a  widespread  insect,  the  grey  larva  feeding 
upon  Castor,  Jam  {Eugenia  jambdana),  Sal  and  the  country  almond 

{Termincdia  catappa).  De  Nic6ville  reared  this  with  many  others  on  the 

last  in  Calcutta  (Ind.  Mus.  Notes,  V,  p.  107).  The  moths  are  large,  the 
female  larger  than  the  male ;  at  rest  the  costal  edge  of  the  lower  wing 
projects  in  front  of  the  upper  wing  and  there  is  a  very  close  resemblance 

to  a  leaf  ;  the  female  is  yellow,  the  male  a  delicate  green.    (Plate  XLVI.) 

Estigena  pardalis,  Wlk.,  is  a  brown  moth,  with  a  very  close 

resemblance  when  at  rest  to  a  brown  leaf,  the  projecting  palpi  forming 
the  black  twig,  the  head  forewings  and  projecting  costal  part  of  the 
forewing  presenting  an  even  surface  entirely  concolourous  with  no 

projecting  edge  and  looking  like  a  leaf.  The  antennae  are  hidden 
and  the  whole  resemblance  is  extraordinarily  close.  (Plate  XLI,  fig. 
12.)  The  larva  is  a  long  grey  larva,  with  the  typical  lateral  tufts  and 
on  the  thorax  short  tufts  of  dense  black  hair.  It  is  found  in  the  early 
rains  and  the  moth  is  crepuscular. 

LIMACODID.S. 

Frenulum  present ,  hindmng  with  vein  i*  anastomosing  with 
cell,  distinct  from  7  :  vein  \r.  present. 

The  common  members  of  this  family  have  a  characteristic  facies, 
with  a  rounded  forewing  and  a  somewhat  short  and  rounded  hindwing. 

The  palpi  are  short,  porrect  or  upturned,  the  antennae  commonly  pecti- 
nate  in  the  male,  the  body  rather  thickset  and  short.  Most  are  dull 
coloured  in  shades  of  dull  brown,  but  some  are  more  or  less  coloured  in 

bright  green. 

The  most  characteristic  features  of  the  family  are  found  in  the  im- 

mature stages.  Eggs,  so  far  as  known,  are  flat  and  scale-like,  laid  in 
overlapping  rows.  The  larva  is  slug-like,  the  head,  legs  and  suckerfeet 
retractile,  the  ventral  surface  forming  a  peculiar  smooth  sucker-like 
attachment  along  which  the  larva  glides  as  a  slug  does.  There  are 
three  forms  of  larva ;  in  one,  tffe  body  is  distinctly  segmented  above 

aad  bears  spinous  tubercles,  the  spines  often  very  irritant  owing  to  the 

presence  of  formic  acid  {Natada,  Thosea,  Parasa,  Narosa,  etc.) ;  in  another, 
the  body  is  segmented  but  without  tubercles  {Cania,  AUha, 

etc.) ;  in  the  third,  the  body  is  covered  above  in  a  thick  smooth  skin 



LIMAOODIDJB. 

499 

without   visible  segmentation  (Bdippa,  etc.).    The  last  includes  the  so- 

called    "  Gelatine   grubs,  "   smooth    gelatinous  insects  of  a  dull  green 
colour  found  in  very 
moist  localities  in  the 

hills.  (Plate  XXVIII, 

fig.  14.)  The  commoner 

plains'  species  are  of  the first  type. 

Pupation  takes  place 
in  a  very  hard  round  or 
oval  cocoon,  which  opens 

at  one  end  in  a  distinct 

lid  for  the  emergence  of 
the  imago.  The  pupal 

period  is  commonly  long 
and  this  compact  cocoon 
is  a  protection  during 

the  period  of  hibernation. 
None  are  definite  pests  in 

the  plains  since  they 
occur  only  rarely ; 

Belippa  has  been  found 

to  injure  Cinchona  in 

the  Himalayas.  Hamp- 
son  lists  25  genera  with 

nearly  one  hundred 

species  of  which  less  than 
ten  occur  within  our  limits ;    24   species   have   been  added   since  the 
Fauna  volume  was  issued. 

AUha  nivea,  Wlk.,  has  been  reared  from  larvae  found  u
pon  castor 

leaves  and  is,  though  rare,  widespread  on  this  plant  in  the  plams. 
 The 

white  moth  is  singularly  beautiful,  the  thorax  heavily  tufted  with 
upright  scales. 

Thoaea  cana,  Wlk.,  is  a  dull  brown  moth,  whose  green  larva  feeds 

on  castor.    The    larva  has  a  double  row  of  tubercles  bearing  spines. 

FiK.  334— Thobea  gbrvixa.    A.  B.  Lahva,  0. 
Cocoon,  open.   D.  Male,  E.  Female 

(I.  M.  N  ) 
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The  larva  of  T.  tripartita,  Mo.,  has  a  dorsal  and  a  lateral  series  of  blue  spots 

and  was  found  by  Forsayeth  to  feed  on  the  Palas  tree.    (T.  E.  S.  London, 

Fig.  3!J5— NATA I>A   VKLU'i'INA,  LAK^  A.     (I.  M.  N.) 

1884,  p.  14.)    We  figure  the  larva  of  Natadavdidina,Kol].,  which  feeds 

on  mango  and  has  extremely  irritant  spines.    The  moth  is  red-brown  with 

an  expanse  of  three  inches.    Miresa  albipunota,  Herr. — Schaft,  has  a 
silvery  spot  on  the  forewing ;  its  larva  was  found  by  Forsayeth  on  the 
Palas  tree  {Btdea  frondosa). 

Three  species  of  Parasa  are 

common  and   likely    to  be 

found  ;  all  have  green  ocou- 
pjring    the   middle    of    the 

wing,    with    more    or    less 

brown   on   the    body   and 

wings.    The  larva  of  Parasa 

lepida,  Cram.,  feeds  on  castor 

and    mango;     it    is    also 

recorded   as     having   been 

very  abundant  on  Asphal    (Nephelium  longana)    in    Calcutta  (I.  M. 

N.,  IV,  p.  21),  and   de  Niceville    reared   it   on  the   country  almond 

Fig.  336— Paraha  lepida  larva. 
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{Terminalia  ccUappa).  It  pupates  in  very  compact  felted  cocoons  on  the 
trunks  of  trees  in  which  state  it  is  often  found  abundantly.  We  figure 
the  larva  of  Bdippa  laieana,  Mo  (Plate  XXVIII,  fig.  14),  a  gelatine 
grub,  in  which  the  outlines  of  the  segments  are  lost,  and  the  dorsum 
consists  of  a  smooth  semi-transparent  mass  of  tough  tissue ;  the  beautiful 
tufted  red-brown  moth  is  found  in  the  plains  rarely. 

Neocastntid^. 

No  proboscis  ;  hindwing  with  vein  8  free,  retnote  from  7,  frenulum  pre- 
sent. I.e.  absent,  forewing  with  vein  5  nearer  4  than  (5. 

A  single  moth,  found  in  Tenasserim,  is  the  sole  Indian  representa- 
tive of  the  family.  Neocastnia  nirevillei,  Hampaon,  is  described  in 

Trans.  Ent.  Soc,  Lond.,  1895,  p.  285,  as  also  in  Fauna  of  India,  Moths, 

Vol.  IV,  p.  471. 

MICROLBPIDOPTBRA. 

The  characters  of  the  group  are  defined  above  on  page  432,  and  we 

have  there  stated  our  reasons  for  adopting  this  grouping.  Apart  from 

the  purely  structural  characters  of  the  group  as  shown  by  the  venation 

of  the  wings  of  the  imago,  there  are  other  characters  which  make  the 

group  at  least  a  useful  one  in  practice  if  not  also  a  logically  correct  one 

phylogenetically.  The  eggs  of  these  moths  are,  as  far  as  known,  different 

in  character  from  those  of  the  Rhopalocera,  and  from  the  majority  of  the 

Heterocera  ;  they  are  flattened,  often  scale-like  or  elongated,  with  the 

micropile  at  one  end  ;  they  are  not  ornamented  with  radial  ridges  and 

polar  points  but  are  often  reticulate  or  simply  smooth.  The  larva  has 

the  five  pairs  of  prolegs  equally  developed  as  a  rule,  the  hooks  on 

them  being  in  a  circle  and  not  set  in  two  opposed  lines ;  they  are 

smooth  cylindrical  larvae  with  few  short  hairs  and  of  the  form  known 

generally  as  "  Pyrali-form."  They  live  commonly  in  concealment 

(except  Pterophoridce)  and  do  not  feed  openly ;  where  they  are  leaf  eat- 

ers, they  roll  the  leaf  or  hide  themselves  with  it  or  in  it  in  some  manner ; 

many  are  borers  in  soft  tissues,  and  if  we  exclude  the  large  borers  in  woody 

tissues,  the  majority  of  the  agriculturally  important  boring  caterpillars 
are  included  here. 
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Periods  of  rest  are  commonly  passed  in  a  resting  larval  condition 
and  not  in  the  pupal  condition  as  in  the  larger  moths ;  pupation  takes 
place  in  concealment  in  a  covering  of  leaves,  bark  or  other  material 
with  a  small  quantity  of  silk  as  a  rule,  though  one  family  (Pterophoridw) 

pupate  openly  without  a  cocoon  and  another  {Zygcmidai)  make  a  silk 
cocoon  in  the  open. 

The  imago  is  in  the  majority  of  cases  small  in  size  and  the  group  in- 
cludes almost  all  the  small  moths  found  in  the  plains  ;  but  size  in  itself 

is  no  criterion  in  this  case,  and  the  characters  enumerated  here  arc 

supported  by  the  structural  distinctions  given  above. 

ZYQMmTiM. 

Hindwing  vein  8  connected  to  cell  by  a  bar  and  a'pfroximated  to  it ; 
vein  If.  jyresent.    Proboscis  'present  (except  Phavtdinw)  ; 

middle  spurs  of  hind  tibiw  verij  short  or  absent. 

A  small  family  of  moths,  believed  to  have  been  derived  from  the 

TineidcB,  embracing  insects  of  very  divergent  appearance.  The  Zyga- 
ninm  are  small  moths,  resembling  the  Syntomidw ;  the  ChalcosiinT  are 

large,  the  antennae  bipeotinate  to  the  tips,  often  with  a  resemblance  to 

butterflies ;  the  Phaudince  are  smaller,  without  mouthparts,  and  includ- 
ing but  few  genera.  The  most  interesting  feature  of  these  moths  is  the 

very  marked  Batesian  mimicry  that  some  of  the  species  exhibit,  mimick- 
ing protected  butterflies ;  the  figures  illustrate  this  for  one  species  but  it 

occurs  in  several,  and  the  moth  collector  in  the  hills  where  these  moths 

occur  will  be  forcibly  struck  by  their  resemblance  to  insects  widely  re- 
moved from  them  in  ancestry. 

So  far  as  known  the  species  are  almost  wholly  hill  or  forest  forms, 

not  occurring  in  the  plains.  Tasema  fidiginosa,  Mo.,  is  a  small  moth, 

dark  brown  and  black,  with  an  expanse  of  15 — 17  m.m.  found  in  Calcutta ; 
Lophosoma  qwadricolor,  Wlk.,  is  slightly  larger,  brown  shot  with  green, 
the  abdomen  cupreous  and  purple,  with  lateral  tofte  of  hair  on  the  apex, 

found  in  Bengal  and  Ganjam.  Oampylotes  histrionuMs,  Westw.,  is  a  very 
vivid  hill  species,  which  on  being  handled,  emits  a  bubbling  frothy  liquid 

from  apertures  on  the  side  of  the  head,  as  does  the  grasshopper,  Aidarch- 

es  mtJutm,  this  being  protective  in  conjunction  with  the  warning  coloura- 
tion.   Thyrassia  subcordata,  Wlk.,  resembles  a  Syntomid,  the  forewing 
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brown  with  hyaline  spots,  the  hindwing   orange   and   brown,  with   an 
expanse  of  one  inch.    We  figure  Isbartaimitans,  Butl.,  with  the  butterfly 

Fi(t.  387-DANA18   AflLBA     (ABOVE)  AND    ISBARTA  IMITANH.    EBDtlCKO  J. 

it  mimics,  Danais  aglea.  Trypanophora  semihyalim,  Koll.,  is  figured 

in  Indian  Museum  Notes,  Vol .  V,  pi.  X,  from  specimens  reared  by  de 

Nic4ville  on  desi  badam  {TerminaUa  caiappa)  in  Calcutta.  The  species 

of  Heterusia  feed  upon  tea  in  subtropical  India  and  Ceylon ;  an  account 

will  be  found  in  Bulletins,  Indian  Tea  Association,  1906,  No.  5,  and  Journ. 

Bombay  Nat.  Hist.  Soc.,  XVIII,  p.  430. 
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Callidxjlid*. 

A  precostal  spur  to  vein  8  of  hindwing  which  is  curved  and  approzi- 
nuUed,  or  artastomosing  with,  or  connected  to  7   by  a   bar. 

Vein  Ic.  absent.    Forexirig  vein  5  nearer  i  than  6. 

These  are  day-flying  moths  of  medium  size  with  simple  anteniiso 
and  long  palpi ;  six  species  are  known  from  the  hills,  none  in  the 

plaiiib. 

Drepanii);^. 

Hindwing,  vein  la  ahsent  or  reduced,  no    pretostd  spur  to  vein 

8,  which  is  curved  arui  anastonwses  wUh,  or  a p^yroxumted 

to,  7,  or  is    connected  by  a  bar  ;  vein  ic.  absent. 

Forewmg  vem  5  nearer  i  tlum  (i. 

These  are  small  moths  of  Klend<'r  build    with  the  wing  apex  often 

produced  ;  the  wings  are  large,  the  palpi  slender  and  the  antenna'  simple 
or  pectinate  in  the  male.    Nearly  all  are  hill  forms  and  are  not  met  with 

in  the  plains.    The  larva  is  bare,  the  anal  prolegs  absent,  the  body  ending 

in  a  long  process  and  having  humps  on  the  segments.    The  pupa  is  found 

in  a  cocoon  among  leaves.    (Hampson.)    The  Fauna  lists  (55  siHJcies 

and  14  have  been  since  added  by  Warner,  Swinhoe  and  Dudgeon  from 

the  Himalayas  and  Khasis.    These  moths  are  found  almost  wholly  in 

subtropical  India,  only  one  being  known  to  breed  in  the  plains,  though 

others  are  very  occasionally  captured  near  forest  areas.    They  arc  not 

uncommon  in  hill  forest  areas  and  are  one  of  the  families  so  character- 

istic of  the  subtropial  zone  of  insect  life  in  India.    Phalacra  vidhisara, 

Wlk.,  is  a  small  reddish-brown  moth  whose  larva  feeds  on  the  toddy 

palm  (Phcmix  sylvestris).    It  is  a  broad  larva,  green  with  four  rows  of 

pink  processes  bearing  spines,  lying  on  four  green  ridges  which  are 

connected  by  cross  ridges ;  between  these  are  purple  spots ;  the  head  is 

retractile.    The  larva  is  slow  and  inactive,  feeding  on  the  leaf.    This 

insect  occurs  rarely  in  the  moister  parts  of  India.    Orela  extensa,  Wlk., 

is  more  widely  spread,  a  brilliant  yellow  moth  wil^  the  f  orewing  drawn 
out  at  the  apex. 
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Thywdid^. 

Frenulum  present,  hindwing  vein  la  reaching  tomua,  no  precoatal  spur 
to  vein  8,  which  is  curved  and  approximated  to  or  anastomosed  with 

vein  7  or  connected  by  a  bar.  Vein  Ic.  absent,  wing  vein  5  nearer  4 

than  6.  Moderate  sized  moths  accurately  distinguished  by  the  vena- 

tion above.  The  palpi  are  upturned  and  slender,  the  ardennw  not 

pectinate. 

A  family  of  nearly  (K)  species  of  which  three  are  found  widely  dis- 
tributed in  India,  the  remainder  known  only  from  a  few  localities  in  the 

hills.  The  Ufe-histories  are  little  known,  the  larvso  known  having  five 

pairs  of  prologs,  few  hairs  and  the  form  common  in  PyralidcB.  RJiodo- 
neura  is  the  most  important  genus,  represented  by  R.  myrsusalis,  Wlk., 

R.  myrtwa,  Dr.,  and  many  hill  forms.  Dysodia  ignita,  Wlk.,  is  also  wide- 
spread, the  larva  boring  in  wood. 

Pykalid.*. 

Hindwimj  with  vein  8  anastormsing  with  or  approximated  to  vein  7, 

vein  Jc.  present.  Slender  motJis  with  long  thin  legs,  with  labial  and 

maxillary  palpi  usually  well  developed,  the  proboscis  present  or 
absent. 

A  large  family  of  moths  of  usually  moderate  to  small  size,  few  hav- 

ing an  expanse  so  large  as  two  inches.    They  are  intermediate  in  size  be- 

tween the  robust  Noctuids  and  the  minute  Tortricids  and   Tineids  ;  ac- 

tually the  majority  of  the  smaller  moths  seen  in  the  field  avePyralids,  but 

there  is  no  means  of  definitely  ascertaining  this  save  by  working  out  the 

venation  and  the  student  will  confuse  smaller  Noctuids  and  the  large 

Tineids  with  Pyralids.    The  greater  number  of  the  smaller  moths  in  grass 

and  at  lights  are  Pyralids  and  the  family  is  a  very  extensive  one.    The 

colour  schemes  of  these  moths  are  extremely  diverse  and  are  not  of  the 

more  obviously  cryptic  or  warning  kind  of  larger  Lepidoptera.    To  those 

who  study  the  group  in  the  Museum,   the    colouring  presents   a   great 

variety  that,  subordinated  to  points  of  structure,  offers  reUable  specific 

distinctions.    Sexual  differences  are  expressed  in  the  structure  of  the 

wings,  palpi  or  antennse,  or  in  the  size  but  rarely  in  the  colour.    To  the 

field  naturalist,  the"  colour  patterns  of  many  PyraUdce  are  inexpUcable; 
the  grey  forms,  such  as  many  of  the  GaUeriinai,  appear  to  be  vaguely 
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cryptically  coloured,  or  at  any  rate,  inconspicuously  coloured.  The  grass 

moths  are  often  "dry  grass  coloured"  and  equally  inconspicuous,  but 
Sdrpophaga,  for  instance,  is  white  and  very  conspicuous  by  day  in  its 

open  resting  position  on  a  green  leaf.  Many  PhycitincB  are  grey,  or 

modestly  coloured  and  in  their  resting  attitude  blend  with  the  shadows 

of  the  cool  dark  places  in  which  they  rest.  Of  the  complex  patterns  of 

Nymphula,  it  is  possibly  near  the  truth  to  say  that  the  minute  marking 

blends  with  their  surroundings  in  a  manner  we,  with  grosser  sight,  cannot 

appreciate.  Of  the  Pyraustince,  with  their  variety  of  tints,  no  adequate 

explanation  is  possible.  There  is  almost  every  tint  of  white,  to  yellow, 

green,  brown,  orange  and  so  on,  the  colour  pattern  often  complex  and 

vivid,  often  a  blending  of  soft  tones  with  little  contrast. 

The  antennae  are  usually  simple,  the  males  with  ciliations  or  tufts, 

with  expanded  basal  joints  or  with  pectinations.  The  characters  of  the 

male  antennae  especially  are  of  value  in  discriminating  speciei.  The 

labial  palpi  are  usually  conspicuous,  porrect  or  upturned,  of  varying 

length  and  very  diverse  form;  in  some  they  are  large,  and  densely  scaled, 
concealing  the  smaller  labial  palpi  that  lie  above  them;  the  small  curled 

proboscis  is  not  conspicuous  and  is  frequently  absent.  The  thorax 

and  abdomen  are  typically  slender,  densely  scaled ;  the  latter  may  bo 

tufted  or  terminate  in  a  tuft  of  long  scales  in  the  males.  The  legs  are 

long,  with  distinct  spurs.  The  wings  are  usually  slender,  without  long 

hair  fringes,  often  with  tuffes  of  scales  in  the  males  ;  they  are  in  some 

sub-families  wrapped  round  the  body  in  repose,  in  others  placed  one 
over  the  other  flat  on  the  abdbmen  as  in  the  Noctuids,  rarely  held 

out  from  the  body  as  in  the  Rfiopalocera.  Males  and  females  are  com- 
monly similar  in  appearance,  the  males  with  ciliations  of  the  antennsD, 

dilated  palpi,  or  tufts  of  scales  on  the  wings,  legs  and  abdomen. 

The  life-history  is  uniform  in  general  character  throughout  the  group. 

The  eggs  are  flattened,  laid  singly  or  in  clusters  upon  the  foodplant  and 

ai«,  as  a  rule,  inconspicuous.  A  few  species  are  known  to  cover  them 

with  hairs  {Schamobivs,  Sdrpophaga).  The  larve  are,  with  exceptions, 

of  one  general  type,  cyUndrical,'  tapering  evenly  to  head  and  tail,  the 
segments  distinct ;  a  prothoracic  shield  is  present  or  absent,  the  prolegs 

are  ten  in  number,  and  there  are  fine  hairs  set  on  flat  tubercles,  usually 

dark  in  colour.  Tufts  of  hair  and  protuberances  do  not  occur.  In 

general  the  larveelivein  concealment,  either  boring  in  stems  or  fruits,  living 
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below  ground  amongst  decaying  leaves  or  in  bark,  or  rolling  leaves  as 

shelters.  Some  of  the  Hydrocampinoe  are  aquatic,  whilst  a  few  species 
are  household  pests  or  live  in  bee-hives.  A  character  the  larvae  share 
with  the  TineidcB  is  that  the  suckerfeet  have  the  hooks  in  a  circle,  whereas 

those  of  the  Noctuidce  and  other  Maarolepidoptera  are  in  two  opposed 
series  on  the  suckerfeet.  The  pupa  is  hidden,  in  a  cocoon  or  in  a  shelter. 

It  is  commonly  chestnut  brown  with  some  segments  of  the  abdomen 

movable.  In  most  known  species,  the  life-history  is  short,  the  larva 
developing  rapidly,  the  period  of  pupation  shoit  in  the  hot  weather  or 
rains.  Hibernation  or  an  equivalent  period  of  rest  occurs  in  all  but  those 

whose  food  supply  is  always  available,  and  this  is  frequently  spent  in  a 
resting  larval  condition  as  in  most  microlepidoptera. 

In  general,  this  period  of  rest  appears  to  depend  upon  climatic  con- 

ditions and  food  supply,  varying  with  individual  species.  A  large  num- 
ber appear  as  larvae  in  the  rains  and  until  October,  when  they  disappear 

again.  The  cold  weather  is  passed  in  all  btages,  most  generally  in  the 

resting  larva,  rarely  the  pupa,  state.  Many  emerge  as  imagines  in  March 

or  April  and  breed  if  food  is  available,  if  not,  living  over  until  the  rains. 
The  question  is  too  big  to  be  adequately  discussed  here  and  the  simplest 

general  view  is  that  each  species  breeds  when  climatic  conditions  permit 

of  food  supply  and  that  in  most,  this  occurs  only  in  the  rains  and  imme- 

diately after.  The  collector  will  find  his  specimens  most  abundant  in 

March,  April,  June,  August  and  October.  Practically  all  species  pre 

bably  fall  roughly  into  five  groups :  (1)  those  that  are  to  be  found  in 

their  foodplant  throughout  the  year,  with  a  period  of  hibernation  varying 

with  the  locaUty  and  temperature  (e.g.,  Chilo  simjlex,  Enzophera  jaerti- 

cclla,  Scirpophaga);  (2)  those  that  do  not  hibernate  in  their  foodplant 

but  are  found  breeding  from  April  to  November,  hibernating  in  the  soil 

or  in  shelter  (e.g.,  Sylepta,  Phycita);  (3)  those  that  appear  and  breed 

only  in  the  rains  {e.g.,  Marasmia,  Pachyzamda,  Aniu/aatra) ;  (4)  those 

that  appear  in  the  hot  weather  and  hibernate  in  the  rains  {Anerastia) ; 

(5)  others,  whose  development  is  dependent  wholly  upon  the  fruiting 

of  trees,  etc.,  and  which  are  found  once,  twice  or  often  in  the  year  with 

periods  of  waiting  between  as  larva  or  imago  (EHzophera  punicceeUa, 

Hetcrographis  bengaleUa).  There  are  then  such  household  species  as 

Ephestia,  whose  broods  are  continuous  throughout  the  year,  due  to 
abundant  food. 
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Many  species  are  nocturnal,  coming  out  in  the  dusk  to  fly  actively 

and  to  mate.  During  the  day  they  remain  concealed  in  shady  moist 

places.  Some  are  found  resting  in  exposed  situations  during  the  day, 

the  white  Scirpophaga  auriflua  being  commonly  seen  on  rice  or  cane 

leaves  and  others  on  bark,  on  walls,  etc.  Many  are  attracted  to  light 
and  numbers  come  into  houses  at  night. 

The  eggs  of  such  Pyralidw  as  are  known,  have  been  found  to  contain 

egg  parasites  of  the  family  Chahidce.  These  parasites  are  an  important 

check  upon  the  destructive  species  which  lay  eggs  in  clusters  in  the  open. 

The  larvff  are  attacked  by  parasitic  Hymenoptera  and,  more  rarely, 

Tachinida;  as  are  other  caterpillars,  and  every  abundant  species  has  its 

parasites.  Predaceous  and  stinging  Hymenoptera  also  prey  upon  the 

larvae,  feeding  upon  them  or  laying  them  up  for  their  young,  ('arabid 
larva'  feed  upon  such  species  as  live  exposed  and  other  predaceous  insects 
probably  destroy  large  numbers  of  the  more  hidden  caterpillars.  The 

moths  are  preyed  upon  by  dusk  and  night-flying  bats  principally. 

This  family  is,  with  the  Noduidw,  the  most  destructive  to  crops 

and  stored  products.  A  large  number  of  species  feed  upon  cultivated 

plants  and  several  upon  grain,  flour,  etc.  The  destruction  is  caused 

wholly  in  the  larval  stage,  some  of  the  widely  spread  species  being  res- 

ponsible for  much  loss  in  Indian  Agriculture.  Almost  all  the  destructive 

boring  caterpillars  fall  into  this  group  ;  the  moth-borers  of  cane,  the 

stem-borers  of  brinjal,  the  borers  of  pulses,  castor  seeds,  til  capsules, 

brinjal  fruits,  pomegranate  fruits,  the  leaf-rollers  of  cotton,  rice,  maize, 

being  the  best  known  examples  of  injurious  species  in  India 

A  great  deal  remains  to  be  learnt  of  Indian  species ;  two  of  the  com- 
mon borers  of  cane  in  Behar  were  described  only  after  they  had  been 

reared  from  the  caterpillars,  and  there  are  many  undescribed  species  to 

be  found  in  the  plains.  The  life-histories  of  few  are  known  and  these 

are  the  species  that  are  most  readily  found  as  caterpillars.  There  are 

many  ppecies  that  live  as  larvae  among  roots  of  plants,  in  grass-stems, 

in  bark,  on  wild  plants,  which  remain  to  be  worked  out.  To  the  student 

of  Hfe-histories  there  is  ample  room  for  work  and  the  systematic  collect- 
ing and  rearing  of  Pyralid  caterpillars  would  yield  much  that  is  new  and 

probably   throw  much  light  on  the  bionomics  of  this  group. 

The  moths  are  classified  upon  characters  derived  from  the  venation, 



A.HSKLWM. 

493 

Mahasena  graminivora  Hampson  is  figured  here  in  all  stages-  it 
is  found  in  rice  in  the  plains,  its  case  being  formed  of  rice  leaves  sewn 
together  with  silk.  The  figures 
are  taken  from  specimens  reared 

in  Calcutta  on  thatching  grass. 
(Indian  Museum  Notes,  IV,  p. 
19.)  We  figure  also  the  case  of 
Psyche  vitrea,  Hmpsn.,  which 
feeds  upon  mango  leaves  in  the 
plains  of  India.  The  moth  has 

entirely  hyaline  wings.  Most 

species  have  dark  wings  and 

are  distinguishable  on  the  vena- 
tion which  is  very  distinct, 

and  on  the  nature  of  the  larval  case  ;  no  species  can  be  considered 
as  real  pests,  though  a  number  are  recorded  upon  tea  in  the  hills  and  the 
last  mentioned  species  has  been  found  destructive  to  mango.  We  may 
also  mention  Acanthopsyche  moorei ,  Heyl.,  found  in  Calcutta  on 

Lagerstrcemia  indica,  described  as  Babula  grotei  by  Moore.  A  short 
account  of  this  insect  occurs  in  Indian  Museum  Notes,  II,  p.  13.  The 
larv8B  of  Chalia  Doubledayi  feeds  on  Amaltas  {Cassia  fistula)  which 

they  disfigure  by  eating  the  epidermis  :  specimens  were  sent  in  as  being 
very  destructive  to  this  tree  and  kiUing  it,  being  very  abundant. 

Fig.    329— PSYtJHK  VITRKA  OASBH 
ON   l.RAF. 

ABBEUD.S. 

Foremng,  vein  lo.  absent.    Hindiving,  vein  8  free  or  connected 
to  the  cdl  by  a  bar,  vein  le.  present. 

A  small  family  of  moths  in  which  the  proboscis  is  absent,  and  the 
male  antenna  are  bipectinate  to  the  apex  with  short  branches.  A  single 

genus  Arbela  (5  species)  occurs  in  India  in  the  form  of  the  familiar  borer 

of  liohi,  bair,  guava,  mango,  orange  and  other  fruit  trees.  The  larva 

may  be  known  by  the  peculiar  patches  of  excrement  and  silk  found  on 

the  bark  of  these  trees  near  the  bore  of  the  caterpillar,  which  comes  out 

at  night,  feeds  on  the  bark  and  makes  this  peculiar  covering  on  the  part 

it  eats.  The  insect  is  a  very  common  one  in  the  plains,  the  species  being 

A.  tOraonis,  Mo.,  figured  here  in  all  stages.    (Plate  XLV.) 
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the  presence  and  form  of  the  maxillary  palpi,  the  form  of  the  labial  j)  alpi. 

The  species  are  largely  distinguished  by  the  male  characters,  which  in- 

clude tufts  of  hair  on  the  wings  and  anal  segment,  the  form  of  the  an- 

tennae, the  form  of  the  palpi.  For  such  characters  and  for  the  classifica- 

tion of  the  Indian  species,  Hamjaon's  Moths  of  India,  Vol.  IV,  should  be 
consulted,  but  the  actual  identification  of  species  from  such  a  volume  is  a 

matter  of  very  careful  study  and,  until  some  experience  is  gained,  is 

not  an  easy  matter.  We  may  add  that  the  family  requires  very  careful 

study ,  and  revision,  and  it  may  be  hoped  that  when  more  material  is  avail- 

able, this  will  be  done.  Volume  IV  of  the  Fauna  of  India  contains  des- 

criptions of  1,1.30  species  from  India,  Burmah  and  Ceylon  and  Hampson 

has  since  added  over  300  species  from  India  {Joum.,  Bombay  Nat.  Hist. 

Soc.,  XII,  XV,  XVIII).  The  student  of  this  group  should  see  Waring 

and  Swinhoe's  articles  on  the  Khasi  Species  ia  A.  N.  H.,  Ser.  VI, 
Vols.  16,  17,  18. 

Galleriinae. — A  small  sub-family  distinguished  by  the  venation  and 

filiform  maxillary  palpi.  The  known  larva  live  in  concealment  and 

produce  much  silk  in  the  form  of  webbing  and  cocoons.  Trarhylejddia 

fruciicassiella,  Rag.,  is  one  of  several  moths  which  may  be  reared  from 

the  pods  of  Amaltas  {Cassia  fistula).  The  female,  which  is  larger  than 

the  male,  has  far  larger  palpi.  The  species  is  widespread  in  India,  where 

its  f oodplant  grows ;  there  are  probably  two  broods  yearly  at  least,  a 

distinct  one  being  known  in  November  to  March,  another  in  September, 

but  this  depends  upon  the  fruiting  of  the  foodplant.  Achroia  grisdla, 

Fabr.,  is  bred  from  bee-hives,  the  larva  feeding  on  the  wax.  Lamoria, 

anella,  SchifE.,  has  been  bred  from  larvse  found  among  fallen  leaves  of 

indigo ;  the  larvae  were  black  at  first,  becoming  sordid  white  later ; 

pupation  took  place  in  a  cocoon  of  silk  and  leaves,  the  pupa  remaining 

torpid  through  the  cold  weather  and  only  emerging  in  March  as  a  moth. 

Acara  morosetta,  Wlk.,  is  worth  mention,  though  a  hill  species,  on 

account  of  its  size,  the  wings  having  an  expanse  of  2  to  ̂   inches. 

GaUeria  melhndla,  Linn.,  feeds  also  in  bee -hives  ;  the  larva  burrows 

in  the  wax  and  produces  long  tunnels  of  silk  in  which  it  Uves ;  it  utilises 

this  silk  also  for  firmly  fixing  the  combs  and  produces  great  quantities 

in  a  very  short  time  ;  the  moth  is  larger  than  that  of  Achroia  grisetta,  the 

inner  area  of  the  forewings  in  repose  forming  a  flat  triangle  from  which 
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the  wings  slope  on  each  side  ;  this  inner  area  is  ochreous,  the  outer  grey 
irrorated  with  purplish  and  fuscous ;  the -larva  is  of  the  typical  form 
and  dirty  white  colour,  pupating  in  a  tough  cocoon  of  white  silk. 

•f::;%.-     ̂ ^^-^ 

l^:?*^-- SBKlSH^Bf" 

Fijf.  338— WiSBBlNG  PRODCPKn  BY  LAKV.K  OF    GAlI.gRIA   MELIiONBLLA. 

Stenachroia  elongdla,  Hmpsn.,  is  found  abundantly  on  occasion, 
the  larvsp  webbing  up  the  ears  of  Sorghum  {Andropogon  sorghum)  and 
Marua  (Eleusine  coracana)  and  destroying  grain ;  they  also  bore  in  the 

stems.  The  attacked  ears  become  deep  purple-black  from  the  excrement 

entangled  in  the  webbing  and  the  decayed  grains.  The  moth  is  dry-grass 
colour  with  long  narrow  wings  and  superficially  like  the  cane-borers  of 

the  genus  Chilo. 
CranJnncB.    Grass  moths. 

Moths  of  moderate  or  small  size,  with  porrect  labial  palpi,  and  tri- 

angularly scaled  maxillary  palpi.  The  larvtB  «o  far  as  known,  live  on  or 
in  the  stems  and  roots  of  grasses.  Cramimt  is  the  large  genus  embrac- 

ing many  species.  Crambm  corticettm,  fmpsn..  is  a  common  brownish 
moth,  found  at  light.  None  of  the  genus  seem  to  have  been  reared  in 

India,  but  iHkey  will  probably  be  found  to  have  the  hckfitte  of  what  are 

called  "Sod  Web  Worms"  in  America,  i.e.,  to  live  in  th*  Soil  at  the 
roots  of  grasses,  much  Jis  Pdyoeha  aacchardla  does. 

Chilo  simplex,  Butl.  (Plate  XLVII,  figs.  1,  4,  15,  16),  is  a  widespread 
species  in  India,  abundant  in  cultivated  cane ,  juar,  bajra  and  maice. 
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The  life-history  has  been  fully  described  in  the  Agricultural  Journal  of 
India,  Vol.  I,  p.  97,  1906,  and  III,  p.  104,  1908.  This  species  ranges 
over  the  whole  of  the  plains  from  the  extreme  north  to  the  extreme 

south  ;  with  it  is  Chile  auricUia,  Ddgn.,  a  species  described  from  Behar, 
and  found  also  in  other  localities  in  Bengal  and  Madras.  The 

character  of  the  male  antennae,  the  metallic  markings  on  the  forewing 
and  the  white  edges  to  the  marginal  black  spots  distinguish  this 

species,  whose  life-history  is  apparently  identical  with  that  of  C. 
simplex.    The  genus  requires  revision. 

One  of  the  commonest  moths  of  the  plains  is  a  small  dry-grass 
coloured  one,  with  silvery  fasciae  and  black  streaks  on  the  wing,  which 
comes  readily  to  light.  This  is  Ancylolomia  chrysographella,  Zell, 
whose  larva  Uves  in  rolled  rice  and  grass  leaves.  The  larva  of  A. 

locupletella,  KoU.,  is  said  to  bore  in  the  stems  of  Spinifex  squarrosa. 

SchcBnobiince. — A  small  sub-family  in  which  the  proboscis  is  minute 
or  absent,  the  palpi  usually  porrect.  The  larva  bore  in  the  stems  of 

grasses.    Scirpophaga  auriflua,  Zell.    (Plate  XLVII,  figs.  2,  5,  10,  14, 
17),  with  its  variety  irUada,  Snell,  and 

,  —  -,  6'.  moMO«%ma,  Zell,  are  borers  in  munj 
grass  {Saecharum  ciliare),  which  also 
attack  cultivated  sugarcane.  The  eggs 
are  laid  in  clusters  covered  by  the  hair 
from  the  anal  tuft  of  the  moth.  The 

larval  habits  are  pecuUar,  the  cater- 
pillar always  tunnelling  down  through 

the  apical  bud  and  when  full  fed, 

making  cross  partitions  across  the 

tunnel  before  pupation.  The  life-his- 
tory is  described  in  Indian  Insect 

Pests  (p.  130),  and  Agric.  Journ.. 
India,  III,  No.  2.  The  different  species 
are  readily  distinguished.  S.  auriflua 
is  white  with  a  buff  anal  tuft  in  the 

female ;  its  variety  intada  has  the  anal 
tuft  red  outaide;  8,  monotHgma  has  a 

single  black  spot  on  each  forewing. 

Fig.  889— SCUSNOBIDB  BIPUNO- 
TIFER  BOO  MAB8.      X  3. 
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Schaendbius  bipunctifer,  Wlk.,  is  a  moth  of  similar  appearance,  but 
the  female  of  a  dull  ochreous  yellow  colour  with  a  single  black  spot  on 

each  forewing,  the  male  brownish  ochreous  and  smaller.  It  is  a  very 
common  insect  in  the  plains  and  comes  readily  to  light.  The  eggs  are 
also  laid  in  hair-covered  masses.  The  white  larva  has  been  reared  from 

the  stems  of  rice  in  Bengal  and  Madras.  Probably  it  breeds  also  in  other 

grasses  as  it  is  often  abundant.  A  full  account  is  being  published 
elsewhere. 

Cirrhochrista  brizodis,  Wlk.,  was  reared  from  small  greyish  cater- 

pillars foimd  under  the  bark  of  a  forest  tree  ;  the  full-grown  larvae  pupat- 
ed between  two  pieces  of  bark  bound  together  with  silk.  The  moth  is 

white  with  a  fulvous   (red-brown)  edge  to  the  forewing. 

Anerofitiince. — A  small  sub-family,  distinguished  by  the  venation ;  the 
larvfip  feed  on  grass  roots  below  the  surface  of  the  soil  or  bore  in  grass 
stems.  Anerastia  ablvtella,  Zell.  (Plate  XLVII,  figs.  8,  11),  was  reared 
from  sugarcane  by  Mr.  Mackenzie  in  Behar  ;  the  larva  is  light  green  and 
is  active  only  for  a  short  time  in  the  year,  hibernating  from  May  to 

February  (See  Agric.  Journ.  India,  III,  No.  2). 

Pdyocha  saccharella,  Ddgn.  (Plate  XLVII,  figs.  7,  12,  19),  was  also 
described  from  specimens  reared  by  Mr.  Mackenzie  from  cane.  The 
larva  is  white  and  bores  in  the  cane  below  ground  (Agric.  Journ.,  India, 

III,  No.  2).  Polyocha  dnerella,  Hmpsn.,  was  reared  from  larvae  boring 
in  the  fleshy  tissues  of  Sij.  {Euphorbia  neriifolia.) 

PhycitinfP.—The  proboscis  well  developed,  the  moths  commonly 
with  narrow  wings,  rolled  tightly  round  the  body  when  at  rest.  With 

some  of  the  last  sub-family  these  constitute  the  so-called  ' '  Knot  hon»s  ", 
the  male  antennae  being  often  dilated  near  the  base.  The  larvae  are 
often  borers  in  plants. 

Ephestia  is  familiar  throughout  the  world,  the  larvae  of  some  being 
injurious  to  stored  flour  and  the  like.  E.  cahirUetta,  Zell,  and  E.  cauieVa, 

Wlk.,  feed  in  rice  and  in  wheat  flour  in  India,  the  larvae  producing  abun- 
dant silk  with  which  they  form  galleries  of  webbing  in  and  on  their  food. 

They  represent  the  notorious  Mediterranean  flour  moth,  E.  kuhnielln, 
which  is  so  destructive  in  America.  The  larva  of  E.  cauteUa,  Wlk.,  is 

recorded  by  Zehntner  as  feeding  on  a  scale  insect  {Ceraiovacunay  \r\ 



PLATE  XLVIL— Cane  Tyaxuub. 

Vig.  1 .  Eggs  of  ChilQ  simplex. 

„  2  £ggs  of  Scirpopbaga  aariduA. 

„  ,i  Hoirpophaga  monostigma, 

„  4  Ohilo  simplex. 

„  ■')  Scirpophaga  auriflua 
,  0  Nonagiia  uniforinis. 

„  7  Polyocha  Haccharella 
„  H.  Anerastia  ablutella. 

„  9.  Nouagria  uniformis. 

.,  10.  iSvirpophaga  auriflua,  var.  iatauta. 
,,  11.  Larva  of  Anerastia  ablutella. 

„  12           ,,          Polyocha  aaccharella, 

,  I-".          ,,         Nonagrin  uniformis. 
»  14.          „          Scirpophaga  auriflua. 

<>  15.         »         Chilo  simplex. 

„  l(i.  Pupa  of  Chilo  simplex. 

■>  17-         I,        Scirpophaga  auriflua. 

»  1^'         »        Nona^ria  uniformis. 

»  19-        »        Polyocha  saccharella. 

(Repiinted  from  Agricultural  Journal  of  India,  Vol.  Ill,  pi.  XX.) 
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Java  (this  may  prove  to  be  a  distinct   species).    We   have    reared   it 
also  from  tamarind  seeds  and  it  probably  has  a  great  variety  of  foods. 

Fltf.   ;-M0— BPHPhTIA   (ARIRITFLLA. 

The  custard  apple  {Anona  squamosa)  fruit  is  tunnelled  by  the  larva  of 
Heterographis  bengcdeUa,  Rag.,  and  where  this  fruit  is  grown,  the  moth 

can  be  readily  reared.  This  pest  was  described  from  Calcutta  speci- 
mens (Ind.  Mus.  Notes,  III,  p.  107). 

The  life-histories  of  three  species  of  Euzophera  are  known  in  India. 
E,  perticeJla,  Rag.  (Plate  XLVTTI),  is  a  widespread  pest  of  the  cultivated 
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Vig.  Ml— BUZOPHERA  rrORBLLA    X  i2. 
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PLATE  XLVIII. — EuzoPHKBA  Perticeixa. 

BaiNJAt  Stem  Boker. 

Fig.  1 .  Larva.     .  * 
,,  2.  Bored  stem   of  egg-plant  {Solammi  melongena),  cut  open. 
,,  3.  The  same  as  seen  irom  outside. 

,,  4.  Pupa. 

,,  ')  louigo. 
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brinjal  (Sdanum  mdongena)  in  the  plains  throughout  India,  the  most 
destructive  of  the  pests  of  this  crop.  The  distinct  dentate  black  line  on 

the  forewing  enables  this  species  to  be  recognised.  E.  punicceeUa,  Mo., 
is  described  as  boring  in  the  fruits  of  the  pomegranate  in  Baluchistan 
(Ind.  Mua.  Notes,  II,  p.  28).  It  does  not  seem  to  be  known  from  further 
East.  E.  cedreUa,  Hmpsn.,  has  been  reared  from  the  cones  of  deodar 
(Cedrus  lihani)  in  Kulu  (Hampson,  J.  Bo.  N.  Hist.  Soc,  XV,    24). 

Microthriz  inconspicueUa,  Rag.,  was  reared  from  cane  by  Mr.  Mac- 
kenzie, but  is  rare  and  is  not  commonly  found.  Nephopteryx  is  a  large 

genus,  whose  larvae  usually  feed  on  leaves ;  N.  eugraphdla,  Rag.,  feeds 
on  the  Bukal  tree  (Mimusops  elengi).  N.  semirubella,  Scop.,  has  been 

reared  from  maize  leaf  and  is  stated  to  feed  on  other  plants.  The  moth 

has  the  costal  half  of  the  wing  whitish,  a  colouring  which  occurs  in  a  num- 
ber of  Pyralids.  N.  paurosema,  Meyr.,  has  been  reared  from  larvae  bor- 
ing in  the  pods  of  Chakaur  (Cassia  tora)  and  appears  to  be  common  in 

the  plains.  Epkrocis  contains  two  species  extremely  common  in  long 
grass  in  the  plains  in  October,  both  small  brown  moths,  with  pink 
suffusion.  E.  aegnusalis,  Wlk.,  has  the  hindwing  ochreous,  E.  lateritiaUs, 
Wlk.,  has  it  fuscous  and  has  a  whitish  fascia  along  the  costa.  Hypsipyla 
(Magiria)  robvsta,  Mo.,  is  the  species  whose  caterpillar  bores  the  shoots 

of  Toon  (Cedrela  toona)  in  the  Punjab  ;  the  damage  is  extremely 
eharacteristac,  each  shoot  dying  back  from  the  tip  and  the  pest  is  a 
serious  obstacle  to  the  growth  of  this  shade  tree  in  some  places.  An 
account  with  figures  will  be  found  in  Indian  Museum  Notes,  Vol.  I,  p.  35 ; 

a  fuUer  one  in  Vol.  V,  p.  104.  It  also  bores  in  Mahogany  and  is 

recorded  as  destroying  young  plants  (loc.  cit.  I,  p.  66). 

Another  pest  is  the  cotton  bud  moth,  Phycita  infusettu,  Meyr.,  widely 
spread  over  India  and  fully  described  in  Indian  Inseo^Ksts  (page  99). 
P.  clientdla,  Zell.,  is  the  common  and  widespread  leaftoller  of  the  brinjal 

plant  and  of  wild  Sdanum.  P.  dentiUndla,  Hmpsn.,  was  reared  from 

larvae  feeding  on  cocoons  of  Cricvla  trifenesirata  brought  from  Com- 
milla  and  the  larvae  fed  freely  on  the  dried  moths  They  appear  to 
be  feeders  on  dry  ohitin,  etc.  This  genu^  is  a  large  and  important  one, 
the  males  with  a  great  variety  of  modifications  of  palpi  and  antennae,  as 

is  also  the  case  in  Nephopteryx.  Careful  collecting  and  breeding  will 

probably  show  that  there  are  many  widespread  and  common  plains 
speciM  breeding  in  wild  plants. 
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Etiella  is  represented  by  E.  zinckenella,  Treitsohke.  It  is  a  common 
pest  of  cold  weather  pulses,  and  of  sann  hemp  {Crddaria),  the  bright, 
red  or  green  larva  feeding  in  the  pods ;  the  little  moth  is  grey,  the  costa 
white-edged,  the  forewing  with  a  transverse  ridge  of  raised  scales  near 
the  base.  It  is  often  extremely  abundant  and  does  a  considerable  amount 
of  damage  to  many  varieties  of  pulse. 

Epipaschnnce. — A  small  sub-family  including  seven  genera  of  mothg 
approximating  in  appearance  to  the  Bombycine  type.  The  larvee  live  in 

colonies  and  form  social  cocoons.  No  species  appear  to  be  common  in 
the  plains. 

ChrysauginoB. — A  neotropical  sub-family  with  two  genera  recorded 
in  India,  not  found  in  the  plains. 

EndotnchincB. — Slender  moths,  forming  nine  Indian  genera,  distin- 
guished by  the  venation,  not  occurring  in  tropical  India. 

PyrdincB. — A  sub-family  of  thirty  genera,  recorded  almost  wholly 
from  hill  localities.  The  character  of  the  venation  serves  to  distinguish 

the  group,  while  the  structure  of  the  palpi,  maxillary  palpi  and  wings 
must  be  compared  for  the  identification  of  genera.  Pyrdia  includes  the 
pretty  moth,  Pyrdis  janndis,  Linn.,  found  commonly  on  walls  of  houses, 
whose  larva  feeds  in  oatmeal,  potatoes  and  similar  vegetable  substances 

and  is  a  cosmopolitan  household  pest.  Hypsopygia  mwwrttidis,  Boisd., 
was  reared  from  a  caterpillar  found  at  the  roots  of  a  Sissu  tree  (Ddhergia 

sissu  ;  Plate  XLII,  figs.  5,  6).  It  has  since  been  found  to  live  as  a  larva 
in  the  nests  of  PoUstes  hebraus,  feeding  on  the  wax  and  destroying  the 

larvaj  and  pupse. 

HydrocampincB. — Slender  moths,  with  long  legs ;  many  species  are 
common  in  the  plains,  and  over  thirty  genera  are  recorded.  Many  more 
remain  to  be  described.  The  larvae  of  some  are  aquatic,  living  actually 

in  water  and  breathing  by  means  of  gills  or  at  the  surface  and  breathing 
air  directly. 

Nymphula  is  universally  distributed  and  common  in  India.  The 

known  larvae  are  aquatic,  the  body  having  tubular  gills,  with  tracheal 

tubes  in  them,  air  being  apparently  obtained  by  transpiration  through 

the  thin  gill-walls,  and  spiracles,  though  present,  being  closed  and  func- 
tionless.    N.  depunctalw,  Guen.    (Plate  XLIX),  is  a  common  spedes, 





PLATE  XLIX. — Nymphula  Bbpunctalis. 

Fig.  1,     Fall-grown  larva.' 
2.  Pupa,  removed  from  the  cocoon. 
3.  „      in  eocoon,  but  with  the  silk  cut  to  show  the  pupa  inside. 
4.  Sfoth,  in  resting  attitude. 
5.  Bice  plants,  ehowing  damage  and  the  larvce  feeding. 

;:}•
 

.  Cocoons  on  the  stems. 

8.- 1 10.1 Larvee  in  leaf-cases  on  the  water. 
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destructive  to  rice ;  the  larva  rolls  a  leaf  and  lives  within,  being  able 
to  live  in  water  or  air ;  the  moth  is  white,  speckled  with  black  and  buff. 

Wood-Mason  describes  the  larva  and  pupa  of  a  species  which  Hampson 

thought  might  be  N.  flvctuoaalis,  Zell.,  under  the  name  Paraponyx  ory- 
zo/w,  W.  M.  (Rice  Pest  of  Burma,  Calcutta,  1885),  but  this  is  likely  to  be 
the  above  species,  which  is  known  from  practically  all  rice  tracts  in  India. 
Other  species  live  upon  aquatic  plants  in  tanks  and  rivers,  the  moths 
commonly  found  at  light  and  in  grass.  N.  affinialis,  Guen.,  is  found 

commonly  in  rivers,  feeding  on  aquatic  plants. 

ScopariincF. — Three  genera  of  small  moths  whose  larvae  ' '  feed  on 

mosses  and  lichens,  and  the  imagos  rest  on  rocks  and  trees"  (Hampson). 
All  recorded  are  hill  species. 

PyrausUna. — A  very  large  assemblage  of  moths  with  over  90  genera 
and  500  species  in  India.  The  larvae  are  often  leaf  rollers,  a  few  living 

exposed  or  boring  in  plants.  Many  can  be  readily  reared  on  their  com- 

mon foodplants  or  can  be  captured  in  the  plains,  and  this  sub-family 
includes  the  larger  number  of  Pyralids,  the  student  will  commonly  find 

or  rear.  Only  the  more  common  species  whose  larvae  wiU  be  found,  can 
be  noticed  in  this  place.  iHnckema  faacialis,  Cram.,  is  deep  brown  with 
white  markings.  The  larva  is  green,  with  white  lines  and  with  black 
crescents  on  the  thorax  below  the  lateral  hne.  The  leaves  of  cultivated 

AmararUhm  are  commonly  webbed  up  by  this  larva,  which  can  be  found 

in  almost  any  garden  during  the  warmer  months ;  the  moth  is  common 

on  plants  and  comes  to  light.  There  are  other  foodplants  such  as  beet- 
root, maize  and  other  garden  plants. 

A  common  moth  in  moist  localities  is  the  little  dusky-fringed  buff- 
coloured  Cnaphalocrocis  medindis,  Guen.  The  larva  lives  on  the  leaf 

of  rice  and  some  grasses,  folding  over  the  edge  of  the  leaf  and  fastening 
it  with  a  few  silk  strands ;  it  is  an  occasional  pest  of  rice  and  widespread 

over  the  plains.  The  male  is  conspicuous  by  the  erect  tufts  on  the  upper 

surface  of  the  forewing.  Maraamia  trapezalia,  Guen.,  behaves  very  simi- 
larly on  maize,  juar  and  bajra  during  the  rains.  (Indian  Insect  Pests, 

p.  138.)  It  folds  over  the  edge  of  the  leaf  and  lives  in  the  fold,  emerging 

to  eat  the  epidermis  outside.  It  is  a  pest  only  to  small  plots  of  maize 

and  is  not  sufficiently  abundant,  being  checked  by  parasites,  to  do  any 
harm  to  large  areas  ot  crops. 
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Lygrojna  includes  several  orange  moths  with  dull  markings  common 

throughout  India.  L.  quaternalw,  Zell.,  has  been  reared  from  bariar 

{Sida  rhombifdia).  Agatkodes  ostentalis,  Hubn.,  is  a  pretty  pale  green- 
ish moth  with  a  pink  fascia  on  the  forewing,  whose  larva  has  been  found 

feeding  on  the  Pangra  tree  (Erythrina  indica)  in  Calcutta.  (Indian 
Mus.  Notes,  Vol.  V,  p.  129.) 

Amongst  the  largest  genera  is  Glyphodes,  with  a  considerable  num- 
ber of  species  found  in  the  plains.  The  larvae  are  leaf-rollers,  living  in 

twisted  leaves  and  feeding  on  neighbouring  portions  outside.  They  are 

commonly  light  green  or  the  semi-transparent  greenish  colour  of  so  many 
leaf-rolUng  pyralid  caterpillars.  Any  of  the  following  thirteen  species 
are  Ukely  to  be  found  and  their  identification  is  possible  only  by  careful 

comparison  with  accurate  descriptions.  6.  vertumnalis,  Gucn.,  G.  glau- 
culdis,  Guen.,  G.  psittacalis,  Hubn.,  andG.  pomonalis,  Guen.,  are  green; 
the  first  is  common  on  the  leaves  of  the  white  flowering,  Taberncemontana 
coronaria  in  gardens  (Plate  XXVIII,  fig.  7).  G.  unionalia,  Hubn.,  is 
white  with  a  brown  costal  fascia  and  feeds  on  the  flowers  of  Jasminum 

sanibac  ;  G.  laticostalis,  Guen.,  is  similar,  the  costal  fascia  cupreous,  the 
male  antennae  dilated  and  twisted  at  the  base  ;  G.  nigrojmnctalis,  Bren., 
is  white  with  a  broader  brown  costal  fascia  and  some  black  spots  on  the 

forewing.  G.  indica,  Saund.,  is  very  widely  spread,  the  forewing  white 

and  black,  the  male  with  a  conspicuous  tuft  of  long  scales.  The  larva 

is  common  on  Cucurbitaceous  plants.  G.  bicailor,  Swains.,  is  black-brown, 
conspicuously  marked  with  white,  as  also  is  G.  Uvitralis,  Guen.,  in  which 

the  ground  colour  of  the  forewing  is  chestnut,  the  marks  in  the  form  of 
two  semihyaUne  white  blotches.  G.  negatalie,  Wlk.,  is  white  and  fuscous, 
the  base  of  the  male  antenna  dilated  and  tufted  :  de  Nicoville  figures  the 

moth  in  Indian  Museum  Notes  (Vol.  V,  pi.  XV),  and  he  records  rearing 
it  from  Pipal  (Ficvui  reldgiosa)  and  on  the  fruits  of  chalta  {Dillenia  indica). 
G.  ceUaldg,  Wlk.,  and  G.   pyloaUs,  Wlk.,  are  white,  brown  and  fulvous. 

Lepyrodes  perapicata,  Fabr.  {rieptis,  Cram.),  feeds  upon  Jasminum 

samhac  in  the  plains,  the  larva  rolKng  the  leaves  after  the  usual  manner, 
while  L.  geomdralis,  Guen.,  has  been  reared  from  a  larva  found  feeding 

upon  the  flowers  of  the  same  plant.  Leudrwdes  orbonaUs,  Guen.,  a  small 

white  moth  with  dull  ferruginous  and  black  markings,  is  common  through- 
out the  plMnfl,  its  caterpillar  being  the  borer  of  the  fruit  of  the  wild  and 





PLATE  L.— DicHocRocia  Ponctifbraus. 

Castor  Seed  Caterpillar. 

Fig.  1.     Stalk  and  oapaule  of  Owlor   {Hieinus
    communU)   showing 

frass  of  larva. 

2.     Slioot,  with  wabWng  and  fmsa  of  larva,  alio 
 two  moths  .» 

normal  resting  atl^Mdes. 

„      3.     Larva. 
4.     Papa  in  castor  seed  br«jl^B  op«D. 
r,  „     in  cocoon. 

6.     MoUj. 
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Syngamia  includes  three  small  yellow-red  moths  common  in  the 

plains.  S.  cAruj^alia,  Wlk.,  has  been  reared  from  leaf -rolling  caterpillars 
on  tulsi  (Ocimum  sanctum).  Bocchoria  includes  several  species  of  wide 
distribution.  The  fact  that  some  number  of  these  fragile  moths  should 
be  common  to  such  wide  areas,  including  the  tropics  of  both  hemispheres, 

is  striking,  and  one  may  wonder  how  they  spread  so  widely.  Ca-prinia 
vonchylalis,  Guen.,  is  a  larger  moth,  pure  white  with  the  forewing  edged 
with  a  costal  brown  band,  the  male  with  a  black  anal  tuft.  The  whole 

appearance  is  much  Uke  Glyphodes  perspectalis,  Wlk.,  which  is  slightly 
smaller.  The  larva  in  Ceylon  feeds  upon  the  leaf  of  Kickaia  (Green),  and 
on  Holarrhena  antidysenterica  (Grote). 

Filodes  ftihidorsalis,  Hubn.,  is  a  brightly  coloured  insect  with  dull 
brown  wings  variegated  with  orange.  The  antennae  are  long,  the  abdomen 
long  with  lateral  tufts.  The  larva  is  olive  green,  with  black  spots  and 
white  bands,  feeding  upon  Thunbergia.  Nevrina  procopia,  Cram.,  is  a 
striking  moth,  the  base  of  the  wings  orange,  the  outer  half  dull  purple 

with  white  veins.  Dichocrocis  pundiferalis,  Guen.  (Plate  L),  is  a  bright- 

yellow  black-speckled  moth,  whose  larva  destroys  the  stems  and  seeds  of 
the  castor  plant,  boring  in  them.  It  is  common  throughout  the  year 
and  may  be  so  abundant  as  to  cause  much  damage.  It  also  feeds  on 
kaikar  (Garuga  pinnaia)  fruits  in  Poona,  on  Cacao  in  Ceylon  (Green), 
and  in  mango  flowers  in  Nagpur. 

Nacoleia  diemendUs,  Guen.,  has  been  reared  in  Pusa  from  leaf-rolUng 

caterpillars  on  Urid  (Phaseolus  mungo).  N.  vulgalis,  Guen.,  is  very  com- 
mon on  pulses  during  the  rains,  the  larva  rolling  the  leaves  and  being 

destructive  to  young  plants.  Its  foodplants  include  Lucerne,  soy  bean 
and  Phaseolus  radiatus.  Botyodes  asiaUs,  Guen.,  is  a  larger  orange  moth, 
with  some  clouded  markings,  and  the  male  with  a  black  anal  tuft,  whose 
larva  is  found  on  the  leaves  of  Ficus.  The  larva  is  oUve  green  with  black 

spots.  Sylepta  is  a  large  genus  of  many  species,  the  larvse  being  leaf-roll- 

ers and  feeding  upon  wild  and  cultivated  plants.  S.  derogata,  F.  (muUi- 

linedis,  Guen.),  is  the  most  common,  the  green  larva  roUing  the  leaves 

of  cotton,  bhindi,  hollyhock  and  other  malvaceous  plants.  This  has  a 

wide  distribution  and  is  a  pest  in  Africa  as  well  as  India.  (See  Mem. 

Agric.  Dept.,  Vol.  II,  No.  6.)  ,8.  lunalis,  Guen.,  feeds  on  the  leaf  of  the 

grape  vine ;  the  moth  is  a  dull  fuscous  with  faint  darker  markingik 
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rultivalcd  Imiijal  or  v^n  plant  {Solanuw  iiicloiH/ciia)       Tlie  larva  is  pink, 
sinooih  ami  almost  hairless  as  arc  most  horiiif;  larvir 

The  male  of  Crociddloiinii  InnolaJiK.  Zeil  .  lias  a  luft  of  lonji  liair  on 

llie  forewuifr.  and  is  oelireoiis  with  ferniffiiioiis  iHarkiiii;s.  The  calcrpillar 

lives  u])()n  cruciferous  plants,  includiiif; cultivated  calihafjc  aiul  '  lialnii ' 

(hcpidlutn  xaliniiii)  and  ap))ears  almndantly  in  the  hot  weather  in  A])ril 

in  uanlciis  Tt  is  <;r(>en  with  median  and  lateral  wliitc  stripes,  a  hiack 
])r()th<)racic  sliield  and  tliree  black  (h)ts  on  the  side  of  eacli  sei;ineiit. 

Another  small  cater]>illar  that  feeds  on  cahhafje  and  caulitlowei  at  the 

same  time  is  Hvlhilo  iitiduhs  Fahr  .  a  small  white-marked  j;revisli  moth 

\\hich  has  a  verv  "wide  distribution  in  the  tro])ics. 

Ixftcciilris  (>iilicltcs(ihs,Vi,lk  ,  has  been  reared  from  larva'  found  iijxni 

sunflower  plants  Tlie  larva  is  fjreen  with  a  (h>rsal  wjiite  stripe  on  I'ach 

side  of  tlie  median  'in'   and  a  crescent  shaped  black  spot  on  the  incsono- 
tum  on  each  side  Manica 

Ii'kIiiIiiIik,  (lev  ,  is  a  rather 

larger  moth  iuscoiis. 

brown  with  a  semi-trans- 

parent band  in  the  iore- 

wiiifj  and  a  lai'f,'e  part  of 

tlie  hindwiiifi  senii-trans- 

parent.  Its  larva  fee<ls 

upon  pulse  entering;  the 

pod  at  oil"  end  and  ijo- 
iiifi  coiiiplctelv  throujih  . 

it  is  the  usual  smooth 

larva  •freenish-vellow  m 

colour,  with  small  s|)o1s 

on  each  seirinent  Jt  occurs  almndanth-  in  tlf  rains  on  pulses  and  is 

widespread  in  Tiuba  Noinoplnla  iioctxclla,  SchifT  ,  is  likelv  to  confuse  those 

who  attem|it  to  place  moths  on  their  fjeiieral  appearance  alcuie  since  it 

has  the  appearance  of  a  Nixiiiid.  Hain})S(m  remarks  ■'  rmversally  distri- 

buted." I'(i(/H/zan'l(i  hrorsirahx.  Wlk..  and /^  ii/ia'oiilcnilis,  (iwu.  are 
fuscous  moths  in  which  the  inul-femora  of  the  male  are  dilated  and 

clothed  with  scales  ;  both  are  common  and  videspread  the  latter  having; 

been  reared  ironi  green  larva'  which  roll  tlie  leaves  of  Amnouich's  ovala 

J'.  mjivialiK,  Wlk.,  is  a  small  brownish  oraiifte  moth,  whose  green  cater- 

Fiff.  'M'l.    Maiiuia  TKsm.Ai.is.    \\.  M.  N. 
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pillar  webs  up  the  leaves  of  croton,  Altemanthera  and  Schizandra  in 

the  rains  and  feeds  there.  PMycttBnodai  nudalis,  Hubn.,  is  a  small  straw- 
coloured  moth  which  has  been  reared  from  fenugreek  (Trigonella  fwnum- 
grmcum)  and  croton,  but  does  not  appear  to  be  common.  Diaaemia 
ratnburialts,  Dup.,  is  black  with  ochreous  markings  and  white  spots 

found  abundantly  in  the  plains,  and  also  according  to  Hampson,  univer- 
sally distributed. 

Antigastra  catalaunalis,  Dup.  (Plate  LI),  is  a  common  and  abtmdant 

pest  to  til  (Sesamum  indicum) ;  the  larva  is  light-green,  with  many  black 
spots  bearing  hairs ;  it  rolls  the  leaf  of  the  til  plant  or  bores  into  the  seed 
pods.  The  larva  readily  lets  itself  down  with  a  thread  and  eventually 
descends  to  the  soil  to  pupate.  The  moth  is  ochreous  with  reddish  veins 

and  is  easy  to  recognise.  While  commonly  occurring  only  in  the  rains, 

it  breeds  throughout  the  year  if  its  foodplant  is  available.  The  catei- 

pillar  of  Noorda  hlitealis,  Wlk.,  is  found  on  the  horse-radish  tree 
(Moringa  pterygosperma) ;  the  moth  lays  a  white  egg  on  the  edge  of 
the  leaf,  from  which  comes  a  white  larva  which  later  turns  green  ;  the 
larva  folds  the  leaf  over  or  joins  two  together  and  feeds  on  the  epidermis. 

The  pupa  is  in  a  fine  silken  cocoon.  This  species  is  found  breeding 
during  the  rains  and  is  widespread  in  India.  Metaaia  coniotalis,  Hmpsn., 
has  been  reared  from  larvte  feeding  in  the  tubers  of  sweet  potato  in 

Pusa  (Plate  LII,  figs.  1-4). 

Pionea  ferrugalis,  Hubn.,  is  a  small  yellow  moth  widespread  over 

Europe,  Africa,  Asia,  whose  larva  in  India  feeds  on  cabbage  and  kaka- 
ronda  (Blumea  bcAsamifera).  It  is  found  as  a  larva  during  the  cold  wea- 

ther and  is  likely  to  be  a  "cold  weather  species,"  only  breeding  at 
that  time. 

Pyrautta  is  a  large  genus  of  mostly  hill  forms.  The  life-history  of 
P.  machcBralM,  Wlk.,  is  described  and  figured  by  R.  S.  Hole  in  the  Journal 

of  the  Bombay  Natural  History  Society,  Vol.  XV,  p.  679 ;  it  feeds  on  teak. 
P.  code8<dds,  Wlk.,  is  a  brown  moCh,  common  on  the  plains,  whose  larva 

feeds  upon  bamboo  and  is  occasionally  found  upon  maize.  The  larva  of 

P.  adetUialis,  Snell,  feeds  upon  a  species  of  Polygonum,  boring  the  stem 

and  pupating  there ;  it  is  an  unusual  habit  for  one  of  this  genus.  Hiber- 
uation  as  a  larva  oociirs  in  the  stem. 



PLATE    LI. — AnTIO ASTRA   CATALADirALia 

Til  Lkav  Boixer. 

Fig.  1.     Sfaoet  of  Til  (Se$amum  indieum)  rolled  hy  the  Urv». 
„     2.     Anotfaer  nboot,  sbowing  tlte  kr«a,  m  ifc  lets  itself   tlownt 

by  t  lie  tiirmei. 
„     3      Lsrv*  mAgiuBed. 
„     4.     Pop*         „ 
„      5.         „      in  its  coooon. 

„     6     Moth.     Ndtnna  nm. 

„     1.  '  Moth  inifmfled'. 
„    .  ̂.     Eggs  OB  lenf. 

„   Kh     Newly  hatoiwd  IHrvK  leeeking  on  (be  rf  Uierniis  prior  to  web- 
tmig  the  dvoo^ 
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OoUeeting. — Pyralids  abound  everywhere,  but  it  is  not  always  one  can 
get  good  unrubbed  specimens.  All  that  can  be  reared  should  be  and  the 
best  specimens  are  thus  obtained.  Setting  is  troublesome  and  it  is  best 
to  keep  all  in  papers  till  time  allows  of  a  whole  batch  being  done  at  once. 
Larvae  may  be  blown  or  kept  in  formalin.  They  are  found  by  patient 

seeking  on  plants,  wherever  rolled  leaves  are  seen  among  decaying  vege- 
tation and  leaves  at  the  roots  of  grasses  in  grass  stems.  A  great  fauna 

of  Pyralids  centres  round  grassy  plants  and  few  of  such  have  been  reared 
or  studied.  The  wilder  grasslands  of  India  must  abound  in  such  forms 
and  will  prove  a  paradise  to  the  collector  of  these  moths. 

HOW  INSECTS  PROTECT  THEMSELVES. 

A  large  part  of  the  insect  world  is  engaged  in  preying  upon  other 
insects,  and  while  we  do  not  know  how  far  every  insect  has  enemies 
directly  attacking  it  in  this  manner,  it  is  at  least  certain  that  a  very 
large  proportion  are  the  food  of  either  ordinary  predators,  stinging 
predators,  insectivorous  birds,  lizards,  frogs  and  the  like  or  are  the  hosts 
of  parasites.  The  insect  organization  reveals  a  variety  of  devices  beUeved 
to  be  directed  to  securing  a  measure  of  inmiunity  against  these  enemies, 
and  it  is  possible  to  mention  the  more  obvious  ways  in  which 
immunity  is  aimed  at;  we  cannot  justly  say  that  it  is  in  all  cases  proved 
that  these  devices  do  secure  immunity  or  do  actually  increase  the 
measure  of  safety  under  which  each  insect  Uves  :  but  the  prevailing 
oonolusionB  drawn  from  a  mass  of  observations  by  the  general  body  of 
observers  is  that  these  devices  have  little  or  no  other  meaning,  and  can 
be  rationally  explained  in  full  only  on  the  assumption  that  they  are 
of  value  to  the  insect  in  this  connection.  Speaking  broadly,  the 
insect  adopts  one  of  four  general  methods :  (1)  to  be  distasteful;  (2)  to 
look  distasteful ;  (3)  to  escape  observation ;  (4)  to  frighten  enemies. 

Many  insects  are  known  to  be  distasteful  to  birds  and  insect-eating 
animals,  on  whom  we  can  experiment ;  we  associate  this  distastefulness 
with  scents  in  many  cases,  scents  produced  by  the  excretion,  at  the 
will  of  the  insect,  of  the  aromatic  oils.  Most  of  our  Pmtatamidai 
are  excellent  examples;  they  have  special  orifices  on  the  ventral 
surface  whence  issues  a  liquid  which  volatilises  with  the  production 
of  a  usually  very  marked  scent ;  it  is  only  necessary  to  bring 
this  scent  within  perceptive  reach  of  birds  and  some  animals  to  see 
unmistakable  signs  of  aversion.  The  scents  are  often  disagreeable  to 
ourselves,  but  far  leas  so  than  they  are  to  animals.  Such  scents  are  found 
in  PemtaUymidos,  CoreidcB,  LygoeidcB,  Pyrrhocorida,  some  Reduviidm  and 
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Fig.  I.     Jttlagta  eoniotalv),  Hmpsn.      JLarVa. 

"      I' I       „  „  »  P«pa. 
„       3.  » 
It       ■»•  >»  II 
„     5.     Uyptopygin  mmw^ialit,     Lurva. 
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CimicidcB  in  a  strong  degree ;  Myrmdeo,  Ascalaphtis,  Chrysopa  and 
some  other  Hemerobiidw  exhibit  the  same  phenomenon ;  and  a  number 
of  beetles,  notably  perhaps  the  CarMdce,  some  Cerambyddce  and  some 
CicinddidcB  can  be  added. 

We  cannot  clearly  separate  the  production  of  scent  from  the  produc- 
tion of  oil  or  fluid,  having  not  only  a  scent  but  either  a  bad  taste  or  some 

caustic  property.  Many  Cocdnellidce  excrete  such  oils  as  notably  do 
the  CantharidcB ;  Blapa  and  other  large  Tenebrionidcs,  Aularches  and 
Pwcihcera  among  AcridiidcB,  are  also  conspicuous  examples,  and  it  is 
reasonable  to  conclude  that  the  efEect  of  this  secretion  of  fluid  is  quick 
in  effect,  the  bird  or  beetle  seizing  such  an  insect  promptly  getting  the 
taste  or  caustic  result  of  the  oil  and  dropping  its  prey  at  once.  la,  the 
case  of  Aularches  and  of  several  of  the  Chalcosiine  division  of  Zyg^ids, 
e.g.  (Campyhtes),  the  fluid  is  not  only  secreted  but  bubbles  out  at  the 
orifice,  forming  a  mass  of  bubbles  similar  to  that  produced  bj^  CercopidcB  ; 
the  curiously  sudden  way  in  which  this  happens  is  very  striking,  not  to 
say  alarming.  A  number  of  insects  which  do  not  produce  scent  or  oil 
are  apparently  distasteful  on  account  of  the  presence  in  their  tissues 
of  distasteful  substances,  either  due  to  the  secretion  of  some  constituent 
for  this  purpose  or  due  to  the  food  they  take  in ;  the  Danaides  are  ex- 

amples of  such  insects  as  are  also  the  Coccinellides  and  Oantharides.  In 
the  majority  of  these  cases  we  find  that  with  distastefulness  is  combined 
a  system  of  warning  colouration  which  advertises  the  fact,  or  which  is 
sufl&ciently  vivid  to  be  associated  with  the  distastefulness  in  the  mind  of 

the  predator.  That  is,  most  distasteful  insects  are  "  wamingly  colour- 
ed," so  as  to  secure  the  maximum  protection  from  their  distastefulness 

by  plainly  indicating  that  they  are  distasteful.  We  are  not  here  dis- 
cussing colouration,  but  we  shall  have  need  to  refer  to  this  fact  again. 

The  number  of  groups  in  which  warning  colouring  occurs  is  very  large. 

A  rather  doubtful  device  is  the  extremely  hard  and  thick  integument 
of  some  insects,  beetles  especially,  often  combined  with  horns,  spines  or 
other  projections  calculated  to  be  troublesome  to  the  consumer.  It  is 
difficult  to  find  any  other  value  in  the  intensely  thick  hard  portions  of 
the  integument  of  some  beetles,  as  also  in  the  hard  knobs  and  spines  of 
many  PenlatomidcB,  for  instance,  and  we  may  conjecture  that  the  posses- 

sion of  such  an  integument  does  turn  the  scale  in  favour  of  the  possessor 
and  against  some  unarmed  insect  equally  available  at  the  moment. 

Another  device  is  to  be  found  in  the  hairiness  of  so  many  caterpillars ; 
there  is  good  ground  to  believe  that  a  hairy  caterpillar  is  not  as  palatable 
to  a  bird,  for  instance,  as  is  a  smooth  hairless  one,  and  when  we  consider 
how  indigestible  chitin  is  and  how  much  room  the  hairs  take  up,  we  can 
imagine  why.  This  device  is  coined  to  an  extreme  when  the  hairs  them- 

selves are  poisonous  as  is  often  the  case ;  hairy  caterpillars  occur  prin- 
cipally in  the  LymantriidiB,  LagtocampidcB,  EujAeroUia,  Limacodida  and 

ArctiidcB ;  those  with  poisoned  hairs  chiefly  in  the  two  former  nucely  in 
the  last. 
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Finally,  muk-r  our  first,  cak'jrory,  wo  imiy  include  llic  very 
siiu])lc  (li'viceof  the  insect  whicli  covers  itself  with  its  excrement  or  which 
carries  with  it  a  pile  of  its  cast  skins  or  the  cast  skins  of  its  prey,  or  wliich 
encases  itself  in  inedible  and  uii])leasant  material,  'i'he  larva-  of  some 
Cliri/soittclldw  are  notoriims  for  carrying  their  excrement;  many  Cassi- 
dides  do  this,  having  a  s|)ecial  process  to  carry  it  on.  and  having  the  open- 

ing of  the  alimentary  canal  placed  so  far  dorsally  that  the  excrement  can 
he  retained  ;  the  larva  of  Podontia  does  this,  asdosomerr^oavvf/r.s.  'j'lie 

larva  of  tlie  predaceous  ('liri/nojja  goes  about  carrying  a  pile  oi  the  sucked 
out  skins  of  its  victims  (see  fig.  7(>,  page  151),  while  scnne  Leftidopterous 
larva'  wear  tlieir  old  cast  skins  (r.</.^  Rrrsi'ha  folri  which  carries  ilie  cast 

head-cases)  (fig.  .'JOI,  })age  +:$())  Tt  is  jirobable  that  tlie  case  of  the 
I'sychid  larva  made  of  dry  twigs  or  leaves  is  mainly  protective  iii  the  sense 
tliai  the  bird  does  not  care  for  the  catprjiillar  with  its  outer  case  of  dry 
material  and  so  leaves  it  alone.  The  same  is  probablv  true  of  Oaddis 

larvu'  (Trirhojjtcrd)  which  live  in  cases  of  small  stcmes,  shells  and  other 
indigestible  materials. 

A  number  of  sj)ecies  try  io  look  distasteful ;  they  may  do  this  in 

two  ways,  by  looking  like  s(mie  unph'asant  object,  by  looking  like  some 
in.sect  that  is  of  itself  un|)leasant.  Of  the  first,  the  most  cons|)icu()us 
are  jierhaps  those  insects  which  look  like  thedro])pings  of  birds;  a  good 
example  is  the  young  larva  of  PaptUo  dcwolniK  ,  this  starts  life  as  an 
ordinarv  butterfly  caterpillar  of  u  dull  brown  colour  ;  it  soon  becomes 

white  over  a  large  part  of  its  body  (fig  2!)2,  page  ■i'2'2),  and  when  not 
feeding,  rests  motionless  on  a  leaf  in  the  full  view  of  all  birds  that  ])aHs; 
instead  of  hiding  among  tlie  leaves,  it  conspicuously  shows  itself  ,  to  us 
it  is  a  very  good  imitation  ;  perhaps  it  is  to  a  flying  bird  also.  Another 
cons])icuous  example  is  the  genus  Tnroclie  ,  the  moth  of  T  uotabil.s  is 
white  with  dull  black  markings  ;  instead  of  seeking  shelter  by  day  as 
most  Noctuids  do,  it  sits  motionless  on  the  top  leaf  of  its  foodplant ,  the 

wings  closely  applu'd  to  its  body  ;  it  has  the  shape  and  appearance  ol 

a  bird's  excreta,  and  we  believe  it  is  sufficiently  suceesslul  to  escape  its 
foe  in  that  wav.     All  the  sj)ecies  of  Tararhc  behave  like  this 

We  have  referred  above  to  th<'  warning  colouration  of  insects  that 
(tre  dinlast('lul  :  but  a  very  large  class  ot  insec/ts  that  really  are  not 
distasteful  adopt  this  colouring  and  pretend  to  be;  an  example  is  figured 

in  the  family  Zi/(j<rnid(/'.  This  mimicry  of  distasteful  species  may  take 
two  forms  ;  an  insect  will  be  found  to  very  closely  imitate  another  found 

in  the  same  locality  ;  or  a  whole  number  of  insects  in  one  ])lace  will  be 
found  to  have  a  general  scheme  of  warning  colouring  {e.;/  ,  black  and 

yellow)  part  of  them  being  really  distasteful,  part  being  mimics  ;  the 

birds  may,  if  the  former  are  sufficiently  numerous,  associate  this  colour- 

ing with  unpleasant  insects  and  so  leave  ail  alone  •  one  would  imagine 
that  the  '  frauds'  must  add  to  the  slaughter  also  of  the  genuinely  distaste- 

ful ones,  as  if  for  instance,  there  were  equal  numbers  of  both,  birds  might 

go  ou  trying  for  a  long  time  and  never  be  ijuite  certain  what  they  were 



52^  tBPIbOPXB&A. 

going  to  get.  This  subject  is  dealt  with  in  two  notable  papers  (Trans. 
Ent.  Soc.,  London,  1902,  p.  287,  and  Proc.  Zool.  Soc,  London,  1902,  II, 

p.  230),  and  with  a  vast  wealth  of  confusing  nomenclature  in  Beddard's 
"Colour  of  Animals."  The  sincere  student  with  a  profound  faith  in 
human  nature  may  be  cautioned  against  accepting  any  conclusions  or 
facts  not  based  on  observation  of  insects  in  their  natural  conditions ; 
the  search  for  explanations  of  insect  colouring  has  almost  rendered  the 
whole  subject  ridiculous  since  conclusions  have  been  drawn  from 
Museum  specimens,  which  have  no  relation  to  the  lives  of  insects ;  but 
it  does  not  require  much  field  observation  to  convince  the  student  that 
mimicry  of  this  kind  is  a  real  feature  of  insect  life. 

In  our  second  division  we  have  included  sUch  insects  as  make 
special  efforts  to  conceal  themselves.  Possibly  this  applies  to  every  insect, 
except  such  as  are  protected  by  devices  coming  under  other  heads.  A 
great  number  of  caterpillars,  for  instance,  feed  at  night  only ;  so  do  most 
moths  ;  Perlidte  EjfhemeridoB  and  some  other  Neuroptera  appear  only  at 
night,  when  most  birds  are  asleep  and  their  chance  of  escaping  is  greater. 
These  and  other  insects  must  also  protect  themselves  during  the  day ; 
a  green  caterpUlar  sitting  motionless  among  green  leaves  does  probably 
escape  the  observation  of  predatory  birds,  wasps,  etc.,  more  often  than 
one  not  so  coloured ;  the  combination  of  such  colouring  with  the  habit 
of  resting  motionless  by  day  is  very  common  indeed,  and  when  one 
realizes  how  constantly  birds,  wasps  and  stinging  predators  are  search- 

ing for  caterpillars,  one  can  believe  that  the  colouring  and  attitude  are 
essential  to  the  continuance  of  that  species.  We  need  not  dilate  upon 
this  ;  any  observer  of  nature  can  see  it  for  himself ;  moths  are  extremely 
often  found  sitting  motionless  on  bark,  coloured  like  bark  and  really 
quite  indistinguishable  ;  a  great  variety  of  insects  are  of  this  colour  ; 
more  are  leaf-Uke  or  are  sufficiently  green  to  be  invisible  among  green 
leaves ;  the  grass  mantid  is  a  splendid  example  of  an  insect  that  is 
invisible  in  grass  ;  throughout  the  pages  of  this  book  we  note  examples, 
and  they  are  not  more  fully  illustrated  for  the  simple  reason  that  m  a 
truthful  illustration  the  insect  would  not  be  seen,  and  if  the  illustration 
accents  the  insect  enough  for  it  to  be  seen,  it  is  not  truthful. 

Finally  there  are  insects  that  are  supposed  to  escape  by  startUng  or 
frightening  their  enemies;  we  deal  with  this  subject  very  cautiously 
because  what  startles  us  may  not  reeu!!y  startle  a  bird  or  a  toad  or  a  preda- 
ceouB  beetle  at  all ;  in  this  subject  again,  conclusions  have  been  freely 
drawn  from  insufficient  data.  The  resemblance  to  a  snake  or  to  some 

weird  large-eyed  creature  is  one  that  is  often  quoted,  for  instance,  in 
sphingid  urvse ;  the  apex  of  the  wing  of  the  atlas  moth  is  said  to  look 
like  a  cobra's  head ;  the  full  grown  larva  of  Pajnliodemokmia  said  to  be 
snake-Uke ;  the  caterpillar  of  the  notodontid,  Stauropw  alternus,  looks 
like  nothing  else  and  is  supposed  to  frighten  its  foes ;  the  large  sphinsid 
caterpillar  in  the  Himalayas  which  waggles  its  head  backwards  and  ̂ r- 
wards,  at  the  same  time  hissing,  may  mghten  birds  off :  the  caterpillars 
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that  suddenly  extrude  yellow  or  red  processes,  or  which  draw  themselves 
up  and  display  eye-markings  or  bands  of  colour ;  these  are  all  instances 
of  possible  efforts  at  escape  by  startling  or  frightening  an  enemy.  They 
are  striking  to  see  and,  if  we  could  see  them  in  proper  proportion  might 
be  very  effective  to  us  ;  if  a  six-foot  caterpillar  suddenly  hissed  and  two 
six-inch  eye-spots  glared  at  me  I  might  be  frightened.  We  cannot 
estimate  these  things  properly  because  it  is  not  known  against  what  enemy 
they  are  aimed.  It  is  probable  that  some  are  effective,  that  some  were 
once  effective  or  are  becoming  so  and  that  we  misinterpret  many. 

The  following  summary  of  the  more  important  devices  used  by 
insects  may  be  of  assistance  to  the  student : — 

1.  Hard  integument. 
2.  Hairs  and  hairiness. 

3.  Stinging  hairs. 

4.  Secretion  of  distasteful   substances.    (With  warning  colouring.) 
5.  Use  of  excrement. 

6.  Use  of  cast  skins. 

7.  Protective     and   cryptic   colouring  form  and  attitude.     Sham- 
ming dead. 

8.  Batesian  mimicry.     (Mimicry  of  a  warningly  coloured  distasteful 
insect.) 

9.  MuUerian  Mimicry.    (Adoption  of  a  general  scheme   of  warning 
colouring  by  edible  as  well  as  inedible  insects.) 

10.  Misleading  and  deceptive  colouring. 

11.  Terrifying  devices,  sounds,  etc. 

12.  Resemblance  to  unpleasant  substances. 

In  the  above  pages  we  have  tried  to  indicate  what  is  known,  but  we 

have  no  wish  to  give  the  impression  that  much  is  known ;  every  obser- 
vation bearing  on  this  subject  is  worth  recording ;  every  record  of  one 

insect  actually  found  preying  on  another  is  valuable,  provided  both  insects 
are  identified  at  least  to  genus  and  if  possible  to  species ;  impressions 
gained  from  general  observation  are  by  no  means  so  good  as  actual 
deductions  from  a  mass  of  definite  facts  and  it  is  to  be  hoped  that  this 
subject  will  meet  with  the  attention  it  deserves  in  this  country. 

We  may  close  this  subject  by  remarking  that  every  student  should 
bear  it  in  mind  when  in  the  field ;  the  observation  of  Uvmg  insects  in  the 

field  is  the  least  prosecuted  branch  of  enquiry  and  it  is  well  to  keep  an 
open  mind  on  the  subject ;  an  insect  mimicking  a  distasteful  insect  may 
not  now  have  the  same  distribution  as  its  model,  and  this  is,  of  course,  a 
source  of  confusion  unless  one  knows  this;  there  are  many  other 
misleading  factors,  but  it  is  a  sound  practice  to  look  at  every  insect  with 
this  problem  in  view,  not  straining  it,  not  bUnding  oneself  to  facts, 
but  honestly  endeavouring  to  penetrate  to  the  truth. 
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OrNEODID^.     (ALUClTIDiE). 

The  foreuiing  divided  into  six  distinct  plumes. 

Less  than  ten  species  are  recorded  from  India,  wholly  from  the  hills. 
A  larger  number  is  known  from  Ceylon  ;  the  genus  Omeodes  includes  our 
species,  none  of  which  will  be  found  in  the  plains.  The  student  will  find 

descriptions  in  Meyrick's  papers  in  the  Bombay  Journal  and  elsewhere 
(Trans.  Ent.  Soc,  London,  1907,  p.  507). 

Ptebophokib^. 

Small  slender  moths,  in  whieh  the  forewings  are  narrow  and  divided 

into  two,  three  or  fovr  narrow  lobes,  the  fiindtvings 
of  one,  two  or  three  lobes. 

These  moths  are  clearly  recognisable  from  their  form  and  the 

structure  of  the  wings.  Their  appearance  is  extremely  graceful,  as  they 
rest  on  leaves  with  the  wings  and  legs  extended  and  fly  somewhat  slowly 

Their  colours  are  light,  dull  ochre  and  brown  on  a  lighter  ground 
colour  as  a  rule.  The  body  is  slender,  the  abdomen  ovate  and  long ; 

the  long  narrow  wings  are  fringed  with  scales  which  in  some  species  are 

in  part  capitate  and  rather  large.  The  tiny  legs  are  conspicuously  spur, 
red  and  in  some  species  the  hindlegs  are  held  out  over  the  body  and  very 
noticeable. 

Of  the  few  known  Indian  species  several  are  known  in  the  larval 

stage.  The  eggs  are  oval,  not  flattened,  and  smooth,  laid  singly  on  the 
foodplant  (Plate  LIII ) ;  the  larvae  are  slender,  oval,  the  body  set  with 

spines  and  with  capitate  hairs  which  radiate  from  tubercular  points ; 
they  feed  openly,  as  a  rule,  and  are  cryptically  colouied  to  resemble  the 

foodplant.  Their  perfectly  oval  form,  the  indistinctness  of  their  seg- 
mentation, their  clothing  of  hairs  and  spines,  these  characters  render 

^them  recognisable  ;  if  a  pupa  is  also  found,  there  can  be  no  doubt  as  to 

the  recognition  of  the  family  since  the  pupa  closely  resembles  the  larva, 

having  almost  the  same  shape,  fhe  same  colour,  with  the  same  covering 

of  hairs  and  spines  and  lying  openly  on  the  foodplant  as  does  the  larva- 
It  is  soft  and  quite  unlike  the  ordinary  pupa  of  this  order,  being  attached 
by  a  cremaster,  and  in  some  cases  by  a  few  threads  of  silk  under  the 
abdomen  in  which  the  hairs  are  entangled.    Indian  Fterophorids  are  but 
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incompletely  known,  and  Me3Tick  has  recently  described  a  number  of 
species.  (See  Journ.  of  Bombay  Nat.  Hist.  Soc.  and  Trans.  Ent.  Soc, 
London,  1907,  p.  472.)  At  least  two  are  injurious  to  agriculture  and  occur 
widely  in  India  ;  others  are  known  from  difEerent  foodplants  or  have 

simply  been  captured.  Over  forty  Indian  species  are  described, 
largely  from  the  Khasi  Hills  and  South  India  ;  some  are  widely  spread, 
e.g.,   TrirhopHlus  rongrualis,  Wlk.,  found  generally  over  the  tropics. 

Exelastis  atomosa,  Wals.  (Plate  LIII),  is  one  common  species  in  the 

plains,  a  delicate  dry-grass-coloured  insect  with  an  expanse  of  20  m.m. 
The  eggs  are  laid  singly  on  the  flower  buds,  young  pods  and  more  rarely 
the  leaves  of  the  foodplant,  which  is  commonly  the  pigeon  pea  (Cajwnus 
indicus).    The  egg  is  oval,  not  flattened  and  not  reticulate,  of  a  greenish 

colour.    A  single  moth  has  been  found  to  lay  94  eggs,  these  hatching  in 
about  4  days  in  hot  weather.    The  larva  feeds  by  eating  into  the  soft 

growing  pod  and  then  into  the  young  seed  ;  it  remains  partly  outside  on 
the  pod,  stretching  in  to  get  the  seed  and  not  wholly  entering  the  pod . 
Having  eaten  one  seed  it  makes  a  fresh  hole  opposite  another.    The  larva 

is  green  or  brown,  or  a  mixture  of  both  and  closely  resembles  the  colour- 
ing of  the  pod.    The  body  is  clothed  with  a  dense  pubescence   of  short 

spines  and  longer  capitate  hairs  radiating  from  tubercular  points.    The 
median  dorsal  line  is  longitudinally  indented  with  a  slight  ridge  on  each 
side.    The  larval  life  is  from  2  to  4  weeks,  depending  on  the  temperature  ; 

before  pupation  the  larva  spins  a  little  pad  of  silk  and  also  a  Ught  network  I 

the  apex  of  the  abdomen  bears  hooks  that  are  fixed  in  the  pod,  the  hairs 

of  the  pupa  being  entangled  in  the  network  ;  the  pupa  is  thus  fixed  to 
the  pod  in  an  exposed  position  ;  it  is  soft,  green  or  brown  in  colour  with  a 
close  resemblance  to  the  larva  and  with  hmbs  and  wings  which  are  not 

fixed  to  the  body;  but  are  held  in  a  straight  line  along  the  ventral  surface- 
The  anterior  half  of  the  pupa  can  be  raised  when  the  insect  is  disturbed. 
The  moth  hangs  from  the  plant  by  the  anterior  legs,  the   hindlegs  held 

out  over^e  body,  the  wings  expanded  but  the   hindwing  so  concealed 
under  the  forewing  that  it  is  not  seen.    The  duration  of  Ufe  in  this  stage 

is  apparently  considerable,  as  moths  Uve  for  over  10  days  without  food 
in  confinement,  and  since  the  moth  apparently  lives  over  the  time  that 

foodplants  are  not  available,  waiting  till  she  can  lay  eggs.    This  species 
is  common  throughout  the  plains  and  causes  a  considerable  amount  of 
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destruction  to  pigeon  pea  in  the  cold  weather.  It  is  not  recorded  as 
breeding  in  the  hot  weather  and  rains,  and  probably  lives  over  as  a 
moth. 

Sfhenarehia  caffer,  Zell.,  has  a  similar  life-history  and  its  larva  occurs 
sparingly  on  the  pigeon  pea  with  it.  It  also  breeds  on  the  leaves  of 
Cucurbitaceous  plants  during 
the  hot  weather  and  rains, 

and  is  thus  found  breeding 
practically  throughout  the 

year. 
PlatyptUia  brachymorpha, 

Me3rr.,  is  a  moderately  large 
brown  moth,  whose  larva  has 

been  found  eating  into  the 
flower  buds  of  Celna  coroman- 

ddiana,  a  conmion  wild  plant 

in  North  India,  growing  during  the  cold  weather.  The  larva  is  green 

with  many  brown  scale-Uke  hairs.  Devterocofua  tengstrcemi,  Zell.,  is  a 
smaller  ferruginous  species,  the  forewing  divided,  the  hindwing  a 
simple  capitate  process,  found  sitting  on  plants.  It  occurs  throughout 
the  East. 

Diaerotricha  callimeres,  Meyr.,  is  found  sitting  on  the  leaves  of  Aver- 
rJioa  carambola,  in  great  abundance  at  some  seasons.  The  small  gre})ish 

moth  is  very  graceful,  sitting  with  expanded  wings  and  hindlegs  held  out 
over  the  body.  The  little  green  larva  feeds  on  the  leaf,  letting  itself 
down  actively  on  a  long  thread  of  silk  in  a  very  curious  manner ;  the 
pupa  is  fixed  to  the  leaf  without  any  cocoon.  Mr.  Bainbrigge  Fletcher 
has  found  the  larva  feeding  in  the  flowers  of  Averrhoa  bilimbi  in  Ceylon. 

Fi(t.  34!J— Sfhenarohkr  cattbr,  urstino 
ATTITDDE      X  4. 

Sebiid^b. 

'Clear  wtnga. — Hindwing  mth  vein  8  absent,  vein  le.  present.    Larva 
boring  with  5  pairs  of  prdegs.    Pwpa  in  lore. 

A  family  of  small  moths,  most  of  which  have  dear  wings  and  mimic 

Hymenoptera.  The  wings  are  small,  narrow  and  hyaline,  the  body 
narrow,  the  antennte  moderately  long  and  slightly  dubbed ;  the  legs  are 

often  tufted  with  long  hairs  ;  the  flight  is  rapid  and  the  moths  are  found 
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Fir.  343— Sphenahohbs  gaffer,  hkhtino 
attitddk    x  4, 

destruction  to  pigeon  pea  in  the  cold  weather.  It  is  not  recorded  as 
breeding  in  the  hot  weather  and  rains,  and  probably  lives  over  as  a 
moth. 

Sphenarches  caffer,  Zell.,  has  a  similar  Ufe-history  and  its  larva  occurs 
sparingly  on  the  pigeon  pea  with  it.  It  also  breeds  on  the  leaves  of 
Cucurbitaceous  plants  during 
the  hot  weather  and  rains, 

and  is  thus  found  breeding 

practically  throughout  the 

year. 
PlatyptUia  brachymorpha, 

Meyr.,  is  a  moderately  large 
brown  moth,  whose  larva  has 

been  found  eating  into  the 
flower  buds  of  Celsia  coromcm- 

deliana,  a  common  wild  plant 

in  North  India,  growing  during  the  cold  weather.  The  larva  is  green 

with  many  brown  scale-Uke  hairs.  Deuterocopus  tengstrcemi,  Zell.,  is  a 
smaller  ferruginous  species,  the  forewing  divided,  the  hindwing  a 

simple  capitate  process,  found  sitting  on  plants.  It  occurs  throughout 
the  East. 

Difurotricha  callimeres,  Meyr.,  is  found  sitting  on  the  leaves  of  Aver- 
rhoa  carambola,  in  great  abundance  at  some  seasons.  The  small  greyish 

moth  is  very  graceful,  sitting  with  expanded  wings  and  hindlegs  held  out 
over  the  body.  The  little  green  larva  feeds  on  the  leaf,  letting  itself 
down  actively  on  a  long  thread  of  silk  in  a  very  curious  manner ;  the 
pupa  is  fixed  to  the  leaf  without  any  cocoon.  Mr.  Bainbrigge  Fletcher 
has  found  the  larva  feeding  in  the  flowers  of  Averrhoa  bilimbi  in  Ceylon. 

BusavM. 

Clear  wings. — Hindwing  with  vein  8  absent,  vein  Ic.  present.    Larva 
boring  tinth  5  pairs  of  prdegs.    Pupa  in  bore. 

A  family  of  small  moths,  most  of  which  have  clear  wings  and  mimic 

Hymenoptera.  The  wings  are  small,  narrov^  and  hyaline,  the  body 
nuTow,  the  antennae  moderately  long  and  slightly  clubbed ;  the  l^s  are 
oftfn  tufted  witli  long  huis;  the  flight  is  rapid  and  the  moths  are  found 



PLATK    LIII.-  KxELAsTis   AroMOHA. 
TuK   Plumk    Moth. 

1.  EggB  on  pod  of   pigeon  pe»  {Cnjauna  indic-ns). 
-.  ,,      magnified. 

',i.  L<{kt-va,  Riagiiified. 

4.  Second  und  tliiid  ubdottiiMal  se-guients  of   Inrva. 

~'  Pupa  on  pod  of   pigeon  pea  (C''«;Vi?j?<*<    indicuti)^ 
»?.  Motli,  in  noinial  res-ting  position. 

7,  ,,       set. 
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flying  in  hot  sunshine  ;  the  resemblance  to  Hymenoptera  is  very  marked, 
and  in  some  cases  it  is  known  which  species  is  mimicked.  The  wing 
expanse  does  not  exceed  two  inches  and  is  usually  not  more  than  one 
inch.  Little  is  known  of  their  life-histories,  but  so  far  as  known,  the 
larva  is  a  borer  in  shoots  of  living  plants,  but  has  five  pairs  of  prolegs  : 
the  pupa  is  in  the  shoot  and  is  provided  with  hooks  for  moving  in  the 
galleries. 

Trochilium  ommaticBforme,  Mo.,  in  Baluchistan  was  found  in  Peshin 
attacking  poplar.  (See  I.  M.  N.  Ill,  p.  14.)  Of  the  fifty  odd  recorded 
Indian  species  practically  all  are  hill  forms  and  it  is  unlikely  that  many 
species  will  ever  be  found  to  occur  in  the  plains. 

Melittia  chalciformis,  Fabr.,  is  well  distributed  over  India,  a  small 

brown  insect  with  bands  of  yellow.  The  specimens  captured  in  the  plains 

are  rarities  and  these  insects  form  no"  part  of  the  real  plains  fauna. 

T0BTRIC1D.«. 

Middle  spurs  of  hind  tibicB  well  developed,  palpi  obtuse.    Hindwing  with 
vein  8  free  or  connected  to  cell  by  a  bar,  vein  Ic.  present. 

Very  little  is  yet  known  of  this  family  in  India  and  the  student  will 

recognise  it  only  by  the  above  characters.  It  is  far  less  characteristic 

of  the  tropics  than  the  next  and  has  its  greatest  development  in  tem- 
perate regions. 

The  moths  are  small  and  somewhat  dull  coloured,  sometimes  with  a 

characteristic  appearance  due  to  the  rather  long  forewing,  the  rather 

heavy  scaling  and  the  manner  in  which  the  wings  are  wrapped  round  the 
abdomen.  The  antennae  are  of  moderate  length,  the  eyes  and  ocelli 

well  developed,  the  proboscis  present,  the  labial  palpi  obtuse  at  the  apex, 
the  second  joint  roughly  scaled. 

The  life-histories  of  few  Indian  species  have  been  thoroughly  worked 

out  in  all  stages.  Mejnrick  (Handbook  of  Lepidoptera)  gives  the  follow- 

ing summary  for  the  family  as  a  whole  :  "  Ovum  flattened-oval,  usually 
smooth,  sometimes  reticulate ;  larva  rather  elongate,  with  few  hairs, 

with  ten  prolegs,  living  concealed  in  rolled  or  joined  leaves  or  spun  shoots, 
or  in  stems,  or  flowerheads  or  roots.  Usually  there  are  no  markings ; 

hence  the  leaf  feeding  forms,  being  often  very  polyphagous,  are  hardly 
HL  34 
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to  be  discriminated.  The  head  is  often  black  when  young  and  light- 

coloured  later.  Pupa  with  segments  8-11  free,  in  the  male  12  also; 
protruded  from  the  cocoon  in  emergence,  usually  in  the  situation  where 

the  larva  fed."  The  protrusion  of  the  pupa  is  worth  note  ;  in  other 
respects  the  larvae  and  pupae  are  much  like  those  of  Tineids.  The  moths 

fly  at  dusk  and  are  rarely  seen. 

The  known  Indian  .species  include  two  destructive  insects,  the  tur- 

leaf  Caterpillar  {Eucelis  critica,  Meyr.,)  and  the  Rann  stem  borer  (Las- 

fteyresia  pseudonectis,  Meyr.).  More  are  likely  to  be  found  and  the 

notorious  codlin-moth  of  the  apple  {Carpocapsa  pomonella  L.)  is 
included  in  the  family.  But  few  Indian  species  have  been  described, 

these  chiefly  in  the  sub-family  Epibleminw.  The  student  will  find 

descriptions  in  Meyrick's  papers  in  the  Bombay  Journal.  We  mention 
such  plains  species  as  are  known  to  us,  but  many  remain  to  be  found. 

Of  the  Epibleminw,  over  30  Indian  species  are  recorded,  of  the 
Tortridnce  40,  two  in  Ceracinm  and  one  in  the  PhaloniincB. 

EjnblemincB.  EuceHs  critica,  Meyr.,  is  a  small  dusky  moth  whose 

larva  rolls  the  top  leaves  of  pigeon  pea  (Cajantis  indicus)  in  the  rains. 

We  figure  the  stages  in  Plate  LV ;  an  account  is  published  in  Indian 

Insect  Pests,  p.  143. 

Eucosma  paragramma,  Meyr.,  has  been  reared  from  caterpillars  bor- 
ing in  green  bamboos  ;  so  few  insects  attack  growing  bamboos  that  it  is 

interesting  to  find  a  caterpillar  boring  into  so  hard  an  object  as  a  thick 

green  bamboo.  The  larva  is  brown,  with  5  pairs  of  prolegs,  and  pupates 

in  the  tunnel  in  the  bamboo.  Laspeyresia  jacidatrix,  Meyr.,  is  a  small 

dusky  grey  moth  found  sometimes  in  abundance  flying  in  shady  places. 

The  larvs  are  found  in  the  bark  of  the  sissu  tree  (Dcdbergia  siasu)  and 

occur  there  abundantly.  Pupation  takes  place  in  a  fine  silken  cocoon. 

Apparently  these  larvae  are  the  hosts  of  a  small  Bombyliid  fly,  which  has 
been  reared  from  a  batch  of  larvae  in  sissu  bark  ;  the  food  of  the  larva 

is  not  known  but  it  probably  ̂ is  the  bark  of  the  tree. 

The  caterpillars  spend  the  winter  in  the  bark  of  the  tree  and  have  a 

curious  habit  of  coming  out  at  night  during  a  few  days  in  March,  crawling 
about  on  the  bark  and,  soon  after  daylight,  retreating  into  the  bark 
again ;  immense  numbers  of  them  can  be  seen  in  the  early  morning  on 
these  days  and  the  phenomenon  is  apparently  so  regulai  that  the  crows 
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know  it,  and  we  have  in  four  successive  years  (1906-1909)  seen  crows 
collected  round  trees  on  which  these  caterpillars  were  walking  and 
feeding  on  them.  Apparently  this  proceeding  is  preliminary  to 
pupating  and  is  probably  the  search  for  a  good  sheltered  nook  in 
which  pupation  can  be  accomplished  in  such  a  way  as  to  enable  the 
moth  to  emerge.  The  moths  emerge  at  various  dates  during  May  and 

June,  and  there  are  probably  two  broods,  before  the  hibernation  brood 
referred  to  above.  The  moths  are  found  flying  about  gregariously  and 
this  species  is  quite  commonly  captured  where  the  sissu  grows 
abundantly. 

L.  tricentrn,  Meyr.,  is  described  from  the  Deccan,  the  larva  tunnelling 
in  the  shoots  of  Sann  hemp  (Crotalaria  juncea).  L.  pseudonectis,  Meyr., 
has  the  same  habit  and  was  reared  from  >Sann  hemp  at  Surat,  and  in 

Behar.  It  is  a  common  pest  to  this  crop,  and  with  the  proceeding  is 

probably  widespread  in  India  (Plate  LIV).  Of  the  remaining  sub- 
families there  appear  to  be  no  records  of  life-histories  or  any  othei 

information  beyond  descriptions  and  localities.  One  species  must  be 
mentioned,  whose  systematic  position  is  not  known.  Cryptophlebia 
rarpophaga,  Wlsm.,  was  described  from  moths  reared  on  Cassia  fistula 
pods  in  Bengal  (I.  M.  N.,  IV,  p.  105).  We  also  found  it  commonly  in 
Gujarat  on  the  wood  apple  (Feronia  elephantum) ;  the  larva  (Plate 
XXVIII,  figs.  1 1 ,  1 2)  bores  in  the  pulp,  and  when  full  fed  prepares 
a  silken  cocoon  covered  in  excrement  in  the  fruit ;  after  a  week  the  moth 

emerges.  The  same  species  also  attacks  litchi  fruits  in  Calcutta 

(I.  M.  N.,  v.,  121), 

TlNEID.*:. 

Palpi  acute,  middle  spur  of  hind  tibia  developed,  hindwing  vein  8  free 
or  connected  to  the  cell  by  a  bar,  vein  Ic.  present. 

This  large  family  includes  small  moths  in  which  the  wings  are 
commonly  narrow  with  a  broad  fringe  of  scales.  They  are  superficially 
distinct  in  this  character,  but  the  above  characters  must  be  examined 

before  the  insect  is  definitely  placed.  They  are  as  a  rule  of  dull  colour^ 

in  accordance  with  their  nocturnal  habit,  a  section  (including  (Edemato- 
poda  and  Eretmocera),  being  very  brightly  coloured  and  diurnal.  The 

antennae  are  a  little   longer  than  in  the  Tortricids,  the  labial   pal|)i 
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pointed  at  the  apex  and  commonly  upturned.    The  legs  are  long  and 
spurred,  the  wings  variously  held  but  not  wrapped  round  the  abdomen. 

Fig.  314— OELBL'MIA     0<lbg\  PIELLA,     larva,  pupa,  cocoon,  IMA(iO. 

The  life-history  of  a  considerable  number  of  Indian  forms  is  known; 
the  egg  is  flattened,  oval  or  round,  often  reticulate  above  ;  eggs  are  so 

far  as  known  laid  singly.    The  larva  is  slender,  usually  with  five   pairs 
of  prolegs,  the  body  almost  naked,  and  usually  simply  coloured,  dirty 
white,  orange,  greenish  or  nearly  black.    The  larval  habits  are  extremely 
varied,  some  being  seed-eaters,   others  living  in  spun  leaves,  boring  in 
shoots,  mining  in  leaves  or  in  the  bark  of  shoots ;  some  are  household 
pests  in  flour  and  dried  food  stuffs,  some  eat  dried  insects,  wool,  etc.,  a 
few  eat  lac,  scale  insects  and  mealy  bugs,  while  probably  many  live  in 
dried  leaves,   under  bark  and  in  other  dead  vegetable  matter.    Very 
little  is  known  with  regard  to  hibernation  and  the  like.    In  the  main, 
the  larvsB  are  found  when  vegetation  is  most  abundant  in  the  moist 
months ;   these  often  hibernate  as  larvae  and  pupe,  but  L&ucoptera 
aphenogra'pta,  for  instance,    emerges  very  abundantly  as  a  moth  in 
January  to  await  the  putting  ffirth  of  new  leaves  by  the  sissu  trees  in 
February.    Plutdla  crudferarum,  Zell.,  is  a  "  cold  weather  "  species  (as 
are  some  other  insects  probably  spread  from  temperate  regions)  in  the 
plains  and  is  found  abundantly  then ;  it  appears  to  spend  the  hot 
weather  and  rains  in  retirement  at  the  roots  of  gi^ass  as  an  imago. 





PLATE   LV.— EucELis  Criitca. 

TuR  Lkaf  Roller. 

Fig    1.     Egg.     MagQi6ed. 

„      3.     Larva. 

;,      .3.     Se:wn(l  and  tliird  abdominal  «egmen(«i  of  the  larva 

„      4.     Habitation  of  (he  larva  on  the  young  plant  of  pigeon   pea' 

(Cofanut  tndious),  with  the  pupa  case  from  which  the  moth* 
haa  emerged. 

"  >  Tniazo. 
„      6.  ' 
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Several  are  destructive  to  agriculture  and  it  is  known  that  these  are 

extensively  parasitised  by  Hymenoptera ;  whether  there  are  other  checks 
is  doubtful.  On  account  of  these  injurious  species  the  family  has  an  im- 

portance near  to  that  of  Noduidw  and  Pyralidce,  and  deserves  very  care- 
ful study.  The  number  of  new  species  obtained  by  rearing  shows  that 

there  is  a  large  field  for  work  and  systematic  collection  at  light  would 

yield  many.  For  descriptions  of  species  the  student  must  consult  especi- 

ally Meyrick's  papers  in  the  Journal  of  the  Bombay  Natural  History 
Society,  from  1904  onwards.  Three  papers  of  Stainton's  are  valuable, 
in  which  he  describes  Indian  species  collected  or  reared  by  Atkinson. 
(Trans.  Ent.  Soc,  London,  n.  s.  Til,  p.  301  [1856] ;  loc.  cit.,  n.  s.  V,  p. 
Ill  [1858];  loc.  cit..  3rd  ser.  ;  I,  p.  291  [1862].  There  is  otherwise 

little  with  regard  to  life-histories  on  record  and  we  have  referred  below 
to  the  common  species  reared  in  tropical  India. 

Gelechiina. — Fifty  species  are  recorded  from  India,  of  which  a  few 
have  been  reared  ;  Stainton  in  185(5  described  9  species  of  this  sub-family 
obtained  in  Calcutta  by  Atkinson.  Depressaria  ricini,  St.,  was  reared 
from  a  green  larva  with  black  head  which  rolled  the  edge  of  the  leaf 
of  Castor.  D.  zizyphi,  St. ,  fed  on  the  ber  tree ;  D.  ricindla,  St. ,  was  reared 

from  a  green  larva  with  black  head  and  prothoracic  shield,  also  found 
rolling  the  leaf  of  castor. 

Brachmia  (Gelechia)  hibmd,  Stn.,  fed  on  Hibiscus.  (See  Trans.  Ent. 
Soc. ,  London,  n.  s.  V,  p.  1 1 1 ,  for  these  and  14  other  TineidoB).  It  has  been 
reared  on  bhinda  {Hibisfus  esculenttis)  in  Behar,  the  larva  living  under 
a  web  on  the  ventral  surface  of  a  leaf  and  feeding  on  the  lower  epidermis. 

It  pupates  in  webbed  leaves.  Brachmia  dilaticornis,  Wals.,  is  a  brown 
moth,  large  for  a  Tineid,  whose  larva  feeds  on  the  leaves  of  gular  {Ficus 

glomerata).  The  larva  grows  to  a  length  of  two-thirds  of  an  inch,  of  a 
sordid- white  colour,  with  deep  black  hairs  on  the  dorsal  and  lateral  sur- 

faces ;  it  has  a  habit  of  curling  up  ventrally  on  being  touched,  showing 

the  intersegmental  constrictions.  The  full  grown  larva  forms  a  cocoon 

of  silk  and  hairs  in  a  rolled  up  leaf  ;  apparently  the  larvae  are  nocturnal 

in  habit  as  they  are  found  by  day  in  cracks  in  the  bark.  The  moth  has 

two  distinct  black  spots  on  the  forewing ;  it  is  apparently  common, 

having  been  found  on  both  sides  of  the  Indian  continent. 

Ypsolophus  includes  two  common  plains  species.  Y.  ochrophanes, 

Meyr. ,  is  common  on  such  leguminous  plants  as  lucerne  {Medicago  salwa), 
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and  Guar  bean  {Cyamopsis  psoraiioides).  The  larva  is  green,  smooth 

and  nearly  hairless,  with  small  lateral  black  spots,  and  black  head  and 

prothoracic  hhield.  It  webs  together  two  top  leaves  and  lives  within, 

eating  holes  in  the  neighbouring  leaves.  It  is  a  common  insect  in  the 

rains.  1'.  evidatUis,  Meyr.,  has  a  similar  larva  that  lives  on  the  buds  and 
leaves  of  sissu  {Dalbergia  xixsu),  webbing  the  leaves  together.  Pupation 

takes  place  either  between  two  leaflets  or  in  the  bark  of  the  tree.  The 

pupsp  were  also  found  in  the  bark  of  babul  (Acacia  arabica),  but  it  is  not 

known  that  the  larva  feeds  on  this  plant. 

Anarsia  ephippias,  Meyr.,  has  a  similar  life-history  and  feeds  on 
groundnut  {Ararhis  hifpoqea).  It  has  been  found  only  in  the  rains  and 

may  have  wild  foodplants,  probably  Lcgumittosce.  It  is  figured  in  all 

stages  in  Plate  LVI.  Anarma  melanoplecia.  Meyr.,  was  described  from 

a  single  specimen  reared  from  a  larva  that  bores  down  the  green  shoot 

of  mango;  its  tunnel  extends  along  the  centre  of  the  shoots  till  it 

reaches  the  limit  of  the  new  soft  growth.  It  then  pupates,  after  prepar- 

ing an  emergence  hole,  in  a  cocoon  of  silk  and  frass. 

Anacampsis  nerteria,  Meyr.,  is  the  groundnut  pest  of  Ceylon  and 
South  India,  found  also  in  the  Sundarbans.  The  forewing  is  narrower, 

more  bronzy  in  colour,  with  a  light  costal  mark  near  the  apex.  The  pest 

has  been  studied  by  (ireen  in  Ceylon  who  comments  on  the  resemblance 

of  the  egg  in  miniature,  to  the  groundnut  itself.  This  insect  is  a  serifms 

pest,  not  yet  known  in  Northern  India,  but  likely  to  spread  there.  The 

larva  is  leaf  mining  and  comes  out  to  pupate  in  webbing  between  the  two 

sides  of  a  leaflet.    It  breeds  also  in  Psoralea  coryli folia, 

Gelechia  gogsypiella,  H&wid.,  was  described  by  Saunders  in  1843 

from  specimens  sent  from  Broach.  The  larva  is  the  notorious  pink 

boUworm  of  India,  Ceylon,  Burmah,  Straits  Settlements  and  East 

Africa,  whose  life-history  is  discussed  in  Indian  Insect  Pests  and  the 
Agricultural  Journal  of  India  (Vol.  I,  No.  1).  The  larva  bores  into 

cotton  bolls  and  feeds  upon  the  oily  seeds. 

GelecJda  tamaricella,  ZelL,  is  an  European  species  bred  from  Jhau 

(Tama/rix  gallica)  in  Behar.  The  larva  webs  together  several  twigs, 
living  inside  this  shelter  and  feeding  on  the  dry  leaves.  Onorimoschema 
Miopa,  Low.,  is  another  widespread  insect,  whose  larva  bores  in  the 
stems  of  tobacco  and  other  solanaceous  plants.    It  is  a  videspread  pest 





PLATE   LVI.— Anarsu  Ephippus. 

Gkound-ni't  Leak  Roller. 

Fig    1       Larva. 

2      Diagram  of  Imirs  oa  second   and   third  abdominal  segments 
of  larva 

.S      Habitation  of  the  larva  on  ground-nut  shoot  {Arachia  hypogea) 
after  the  larva  hw  left  it  and  lias  pupated. 

4      Pupa. 

,,     Ti      Pupa  fixed  to  the  leaf. 

5-  Inin|;o. 
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in  India,  the  larva  causing  swellings  of  the  stems  of  young  tobacco  plants. 
The  moth  lays  a  single  egg  on  the  leaf  stalk,  the  emerging  larva  boring 
down  through  the  leaf  stalk  to  the  stem  in  which  it  lives.  Pupation 
takes  place  inside  the  stem,  the  full  grown  larva  preparing  an  exit  hole 
through  which  the  moth  can  escape.  An  account  will  be  found  in  the 
Agricultural  Journal  of  India,  Vol.  Ill,  No.  1.  Binsitta  niviferana,  Wlk., 
is  a  remarkable  species  of  comparatively  large  size  with  very  large  up- 
curved  palpi,  the  forewings  snow-white  with  dark-markings,  the  hind- 
wings  yellow.  The  larva  is  a  borer  in  the  twigs  of  simul  (Bombax  mala- 
haricum),  entering  at  the  leaf-axil  and  tunnelling  in  the  centre  of  the 
shoot :  it  is  a  profuse  producer  of  silk  ;  there  are  five  pairs  of  forelegs 
and  little  adaptation  to  the  boring  life.  When  full-fed  the  pupa 
emerges,  spins  a  pad  of  silk  and  pupates  openly  on  the  branch  or  leaf ; 
it  is  firmly  attached  by  the  many  hooks  of  the  crcmaster  and  closely 
resembles  a  Lycsenid  pupa  ;  there  is  no  girdle  but  in  shape  it  is  like 
a  Lycajnid  pupa  and  is  quite  naked  and  roughened.  The  moth 

rests  by  day  openly  on  leaves  and  very  closely  mimics  a  bird's  excre- 
ment. This  remarkable  insect  is  not  uncommon  in  the  plains,  the  larva' 

being  found  in  July.  Bingham  figures  a  pupa  and  imago  of  B.  barrowi, 
Bingh.,  found  on  the  same  tree  at  Maymyo.  (Trans.  Ent.  8oc.,  London, 
1907,  p.  177.)  Phthorimwa  operculella,  Zell.  (Lita  solanella),  is  the 
destructive  potato  moth  of  the  Mediterranean,  United  States,  America 

and  India.  The  Ufe-history  is  shown  on  Flate  LVII.  It  is  almost 
certainly  an  importation  to  India  with  seed  potatoes  and  has  spread 
over  Bombay,  the  Nilgiris,  the  Central  Provinces  and  as  far  East  as 
Patiia.  The  larva  mines  in  the  leaves  of  the  growing  plant  or  bores  in 

the  tubers  and  the  pest  attacks  both  the  growing  plant  and  the  stored 

tubers,  being  thus  extremely  destructive  as  the  seed-potatoes  kept 
from  one  season  to  another  are  destroyed.  Epithectis  studwsa,  Meyr., 
feeds  as  a  larva  in  dried  herbarium  plants  in  Ceylon  (Meyrick). 

Sitolroga  cerealella,  01.,  is  recorded  from  Kulu,  as  attacking  maize 

cob  3.  It  is  widespread  in  India  attacking  stored  cereals,  rice 

especially. 

Xyloryctin<B.—T!hiity-orM  Indian  species  have  bean  recorded  by  Mey- 

rick, mainly  from  the  hills.  Antram  has  reared  Metathmtca  ainAleuta, 

Meyr.,  from  branches  of  tea  (Meyrick).  Nephantis  aerinopa,  Meyr.,  has 

proved  a  serious  pest  to  palms  in  Ceylon  and  South  India,  the  blac
k- 
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headed  caterpillar  stripping  the  leaves.  Procometis  (Kyoetola,)  trochala. 

Mcyr.,  is  a  very  large  moth  for  a  Tineid,  of  the  colour  and  form  of  a 

Galleriid  moth,  reared  from  larvae  found  feeding  upon  the  dry  fallen 

leaves  of  sugarcane.  The  larva  fixes  two  leaves  together  with  silk  and 

lives  within,  moving  gradually  along  and  placing  cross  threads  as  it 

goes,  so  that  its  excrement  is  caught  in  the  threads  and  the  path  of 
the  larva  can  be  traced  for  over  a  foot  between  the  leaves.  It  feeds 

on  the  dry  leaf  and  pupates  between  the  webbed  leaves. 

GEcophorina: — Six  Indian  species  are  described.  This  sub-family 
is  notable  for  including  a  species  commonly  found  upon  lac  in  India, 

Hypaiima  (Blastobasis)  pulverea,  Meyr.,  having  been  reared  from  Bengal 

lac  and  occurring  as  a  serious  enemy  to  this  valuable  crop,  with  the  various 

species  of  Eublemma.  The  larva  feeds  not  only  in  the  insect  on  the  tree 
but  in  the  dry  shellac  on  the  cut  stick  and  it  is  necessaiy  to  fumigate 

the  rains  crop  of  lac  to  free  it  of  the  caterpillars,  unless  it  is  immediately 

scraped  and  manufactured.    (See  Agric.  Journ.  India,  111,  No.  2.) 

Stetiotnina:. — Four  species  of  Agriophora  are  recorded  by  Meyrick, 

of  which  Agriophora  rhomboia,  Meyr.,  is  injurious  to  the  tea  plant.  (An- 
tram). 

CoprornorphincB. — This  includes  two  species  of  Copromorpha  de- 
scribed by  Meyrick  from  Assam. 

ElacMstincB. — Less  than  twenty  species  of  these  small  moths  are 

recorded  from  India.  Laverna  mimoaoB,  St.,  is  one  of  Atkinson's  finds 
in  Calcutta,  the  larva  feeding  on  the  seeds  oi  Mimosa  (?  Acacia)  arcHnca. 

Stagmatophora  promacha,  Meyr.,  was  reared  from  a  leaf  mining  larva 

found  in  Phaseoltm  mungo  ;  the  orange  larva  pupates  in  a  thin  cocoon 

of  white  silk.  Stagmatophora  coriacella,  Meyr.,  is  a  tiny  red-brown  moth, 
which  can  be  bred  in  abundance  from  dry  cotton  seeds  left  too  long  on 

the  plant.  The  caterpillar  is  red,  not  unlike  that  of  Oelechia  gossypidla, 

only  smaller  and  deeper  coloured,  and  it  is  not  found  in  the  green  boll 

or  in  unripe  seed,  as  is  this  latter,  and  so  is  not  destructive.  We  have 

reared  this  from  cotton  seed  from  many  parts  of  India,  and  I.  H.  Burkill 
sent  it  in  from  Amherst,  Burma. 

The  TvaoBgeriidcB  of  the  Fauna  of  India,  Vol.  I,  are  included  by 

Meynck  in  Elachiatina.  These  small  moths  are  among  the  abundant 

insects  of  the  plains,  seen  trying  by  day  or  sitting  upon  plants  in  the 





PLATE   LVII. — Phthorimaka   Opbroulbixa    (Lita 
Solanella). 

Potato  Moth. 

Fig.   ].     A  potato  plant  showing  injury  caused  by  the  larvae. 

,,      2.     Moth  resting  on  plant. 

,,      3.     Potato  tuber  showing  evidences  of  caterpillar  attack  in  t 

masses  of  excrement  at  the  eyes,     A  ooooon  on  the  tuber 

„      4.     Potato  tuber  cut  open  to  show  damage  caused  by  caterpillar 

,,     5.     Potato  tuber  showing  the  track  of    the  caterpillar  and  tl 

pupa. „      6.     Young  larva. 

.,      7.     Imago,  male. 

"        ■  }       „       female. 

„    10.     Pupa. 

,    11.     Adult  larvn. 

„    12.     Eggs  deposited  at  the  eye  of  a  potato  taber. 
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open.  They  superficially  resemble  Tiiieiils,  but  are  brij^htly  eoloiired 

and  are  not  crepuscular.  The  Iotijj  hindlefjs  are  lieh]  uj)  ui  a  slrikiiif,' 

luaiiner  when  the  little  insect  is  at  rest  and  one  may  commonly  see  the 

moths  couplinn;  on  the  top  leaves  of  a  })lant.  Tiiere  are  lour  Indian 

species  mentioned  bv  Hampson,  of  which  two  are  common  in  the 

plains  (Edi'waioixula  ch-rodoidwucUu.  Stamt  ,  has  the  forewing  red, 

the  hindwinj;  orange  The  larva  teeds  on  Clcrodcndroh,  of  whicii 

several  sj)ecies  are  common  in  waste  lands,  wehbin;,;  toffether  the  top 

leaves  (See  Staiiit on.  Trans  Ent  Soc  ,  London,  i8.")(i.  p  12-"))  it  has 
been  reared  uii  Clcrodcndroit  injorliiiKiiinii  and  Ahi^iOIiicIcs  oixila  :  t.he 

larva  is  brownish,  with  few  short,  hairs  and  webs  uj)  the  top  of  the 

shoot  ;  It  pupates  in  a  thm  silk  cocoon  m  the  bunch  ol  leaves,  the 

moth  enierfi!in}r  m.side  the  cocoon.  It  is  louiid  in  the  hot  weather  and 

rains  in  the  plains  ()  ri/iin.^.  Me\-i-  .  was  reare<l  Irom  a  colonv  of  lac. 

{Tavhanlia  alhr.ziw]  m  Ceylon  ((Jreen)  Ert'diioccia  nti jxictclld,  Wlk 

is  far  more  common  :  the  lorewiiif^.  thora.x  and  le<;s  are  metallic  lilue 

with  yellow  spots,  the  abdomen  yellow  with  a  dark  band  SinllniiofXtdd 

(xEoloscelis)  tlirons.  Mevr  .  was  reared  from  dark  coloured  slender  larva' 

found  feediiifj  in  sunflower  heads,  the  larva  has  a  black  head  anil 

prothoracic  shield,  th<'  hodv  naked,  black,  with  five  |)airs  of  pr(»lej,'s  . 

the  sunflower  seeds  do  not  aj)pear  to  be  eaten,  but  the  dried  remains  of 

the  flowers.  Pupation  took  place  m  the  head  between  the  seeds  The 

moth  IS  a  slender  insect,  with  narrow  yellowish  wiiif^s.  the  apical  two- 
thirds  brown 

('hlidaitofiUfi'  —A  small  number  ol  species  known  as  yet  only  Ironi 
Cevloii 

(lr(iril(inni(r — This  sub-familv  has  recently  been  listed  by  Meyrick 

(Jourii  iiombay  Nat.  llist  Soc  XVIJJ,  No  1).  with  41  species  recorded 

from  liuba  Litliocolhiis  InairlKi,  Meyr  ,  has  been  reared  from  larva' 

miniiif?  the  leaves  of  tree-cottons  in  the  plains  The  larva  is  llatlened 

but  has  le>rs  and  five  |)airs  of  suckerfeet ;  the  mine  is  \  isible  on  the  lower 

surface  of  the  leaf  and  the  pu})a  is  found  in  it.  The  moth  is  very  small, 

with  brown  forewinj^s  beariiif;  three  obru|ue  silvery  bands.  L.  Ixiuhivur. 

Stn.  was  bred  in  f'alcutta  by  Atkinson,  who  describes  the  larva  as  miniiif; 

the  leaf  of  BaiiJnnio  piirfiurca  (Tran.s.  Knt.  Soc.  London.  IH.")(),  p.  :5(>l . 
Acroccrcofhs  ((\)iiopoiuor])hai  tnrijmd,  Meyr.  is  a  tiny  white  and  brown 

moth,  whose  larva  mines  the  leaf  of  Kakaronda  (Hhimca  bnlnomijcm). 
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as  many  as  four  or  five  tinj'^  green  larvae  being  found  in  one  mine.  The 
pupa  is  in  a  silken  cocoon  in  the  mine,  the  moths  emerging  in  April  and 

May.  A.  telestis,  Meyr.,  was  reared  from  a  leaf-miner  of  Pitha  (Trewia 

nudiflora)  in  Behar  and  A.  phcdarotis,  Meyr.,  from  a  similar  leaf- miner 
in  Chichira  {Achifrantlies  aspera).  A.  (Gracilaria)  terminalim,  Stn.,  was 

bred  by  Atkinson  from  larvae  mining  the  leaves  of  country  almond 

{Termittalia  catappa).  This  and  other  Indian  species  are  figured  by 

Stainton  (Trans.  Ent.  Soc,  London,  18«2,  p.  2i)l).  A.  (Gracilaria) 

orventalis,  Stn.,  was  described  from  specimens  reared  on  Bauhinia  by 

Atkinson  (loc.  cit.,  185G,  p.  801).  Gracilaria octopunctata,  Meyr.,  is  a 

small  dark  moth  with  four  yellowish  spots  on  each  forewing  ;  the  larva 

rolls  the  small  leaves  of  sissu  (Dalbergia  sissu),  forming  a  small  mass  of 

often  dry  leaves  in  which  it  lives  and  pupates.  The  pupa  is  sometimes 

in  a  web  of  very  white  glistening  silk  on  a  leaflet.  Gracilaria  theiwra, 

Wlsm.,  is  a  pest  to  tea  in  India  and  Ceylon  ;  the  larva  mines  and  rolls 

the  leaf.  (Ind.  Mus.  Notes,  II,  49.) 

PlutcUince.  Over  twenty  species  are  recorded  from  India,  largely  by 

Meyrick.  Simwthis  orthoijonn,  Meyr.,  has  been  reared  on  Sahra  {Psoralia 

corylijolia)  in  Behar;  the  larva  is  green  with  a  brown  head  and  a  row 

of  black  tubercles  on  each  side  of  the  body :  it  feeds  on  the  leaf, 

pupating  under  a  slender  white  cocoon  on  the  leaf;  it  is  common  yearly 

in  July.  Phycoda  radiata,  Ochs.,  is  a  rather  conspicuous  moth,  common 

in  the  plains  (Plate  LII,  figs.  7-10).  The  larva  is  a  leaf-roller,  feeding  on 

pipal  {Ficus  religiosa)  and  other  wild  figs  as  well  as  on  the  cultivated 

fig  (Ficus  carica).  It  pupates  either  on  the  leaf  or,  if  before  winter,  on 

the  bark,  making  a  stiff  oval  cocoon,  flat  and  shiny.  During  winter  it 

hibernates  as  a  larva  or  pupa,  moths  emerging  in  April  when  there  is 

another  brood.  Brenthia  buthusaiis,  Wlk.,  is  a  dehghtful  moth  with 

broad  wings  delicately  crumpled,  which  is  found  sitting  on  Marigold 

flowers  during  November  and  December  ;  it  is  comparatively  common, 

not  easy  to  capture  as  it  flies  with  a  quick  dancing  motion  when  dis- 

tiurbed.  Plvtella  maculipenniti,  Curt.,  the  Diamond-back  moth,  is  com- 

mon on  Cruciferous  crops  during  the  cold  weather,  especially  in  veget- 
able gardens.  It  is  an  almost  cosmopolitan  insect  and,  in  India,  spends 

the  hot  weather  and  rains  as  a  resting  imago  in.  shelter. 

TineincB. — ^About  twenty  species  are  recorded  from  India,  a  very 

small  proportion  probably  of  those  occurring  there.    Leucoptera  apheno- 
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grajia,  Meyr,,  is  a  tiny  white  moth,  the  narrow  forewing  tinged  with 

ochreous  at  the  apex  and  with  a  distinct  black  apical  spot  and  fuscous 

bars.  The  larva  is  a  miner  in  the  leaf  of  sissu  {Dalbergia  sisiiu)  and  is 

at  times  extremely  destructive  to  young  plants.    The  moth  is  curiously 

I   1 

Fig.  S45   Plutella  maculipesnis    [I.  M.  N.] 

abundant  in  the  cold  weather  when  the  leaves  of  the  sissu  fall,  great 

numbers  collecting  in  bushes,  plants,  wherever  there  is  cover  ;  at  dusk 

they  come  out  and  fly  about.  When  the  aim  puts  out  young  leaves 

in  February,  they  lay  their  eggs,  a  single  small  egg  on  each  leaflet. 

Tineids  are  not  often  a  marked  feature  of  the  insect  life  of  the  plains, 

but  this  species  cannot  fail  to  be  noticed  in  January  and  February, 

where  this  tree  grows  abundantly.  CrypsUhyris  longicornis,  8tn., 

is  the  moth  whose  larva  Hves  in  the  little  oval  case  found  commonly 

on  plastered  walls  in  Indian  houses ;  the  case  is  of  fragments  and 

apparently  spiders'  webbing  woven  up  with  silk  and  the  larva  moves 

slowly  along  the  wall.  Its  nourishment  is  apparently  the  size  in  the 

whitewash  or  some  similar  organic  material.  The  pupa  is  in  the  case 

which  is  then  hung  from  the  ceiling  by  a  thread,  the  pupa  emerging 
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at  the  upper  end  for  the  moth  to  escape.  This  species  is  attacked  by 

Hymenopterous  parasites.  The  larva  of  Opogona  chalinUa,  Meyr., 

feeds  in  the  dry  stem  of  Gurur  (Polypodium  quercifolium),  reducing 

it  to  a  mass  of  frass  and  dust  amongst  which  the  full  grown  larvss 

pupate  in  white  silken  cocoons,  covered  with  frass  and  dust.  The 

larvae  were  found  in  January,  the  moths  continuing  to  emerge  from  the 

Ist  February  to  11th  March.  Green  found  the  larva?  oi  Opogona  chala- 
nitis,  Meyr.,  in  the  fungus  beds  of  termites  in  Ceylon.  Setomorpha 

tineoides,  Wals.,  is  not  uncommon  in  dried  tobacco  leaves  in  India,  and 

may  do  a  considerable  amount  of  damage  if  neglected  (Plate  XXVIII, 

fig.  10).  S.  Tutella,  Zell.,  is  recorded  as  attacking  blankets  in  Calcutta, 

Tinea  pachyspUa,  Meyr.,  as  living  in  a  case  on  woollens  and  furs  in 

bungalows  in  Ceylon  (Meyrick),  and  Tinea  tapetzella,  Linn.,  was  reared 

from  wool  in  Calcutta.  (Indian  Mus.  Notes,  III,  5,  (56.)  Walsingham 

described  a  species  as  Ereunetis  seminivora,  which  was  bred  from  pods 

of  Cassia  occidentalis  in  Bengal.  (Indian  Mus.  Notes,  IV,  107.) 

The  moth  is  dark  chocolate  brown  with  a  pale  ochreous  band  from 

base  to  apex  of  wing  :  the  position  of  this  species  was  uncertain 

owing  to  lack  of  material  and  until  the  species  is  found  again,  must 

remain  doubtful.  Tischena  ptarmica,  Meyr.,  is  recorded  as  mining  in 

the  leaves  of  ber  (Zizi/phizs  jujuba),  at  Puri,  as  many  as  twenty  larva) 

in  one  leaf  (Meyrick,  Rec.  Ind.  Mus.,  II,  3i)9). 

Dasyses  rugoaellus,  Stn.,  is  recorded  as  living  in  wood  in  India  and 

Ceylon.  (Indian  Mus.  Notes,  V,  103.)  It  has  been  reared  from  larvse 

found  in  mango  and  gular  bark,  as  also  in  the  frass  of  a  Cerambycid 

borer  in  mango.  It  pupates  in  a  silken  cocoon  in  the  dust  or  bark,  the 

pupa  wriggling  partly  out.  Strepsiplcura  cheradota,  Meyr.,  is  a  small 

brownish  moth  reared  from  larvae  found  rolling  the  leaves  of  the  pipal 

{Ficus  religiosa). 

Adeline.— Gne  species  of  Adela  and  ten  of  NenuUois  from  sub- tropical 
India  are  included  herein. 

Collecting.— Every  Tineid  ii  worth  collecting  and  pinning  at  once 

if  it  be  in  good  condition.  The  wings  need  not  be  set,  but  those  of  one  side 

at  least  must  be  separated  from  the  body  and  from  each  other  to  admit 

of  study.  The  finest  silver  pins  on  pith  must  be  used.  Besides  collect- 
ing, much  rearing  has  to  be  done  and  every  one  reared  is  a  gain.  Larvse 

are  not  always  easy  to  find,  but  chance  throws  them  in  the  way  of  a  col- 
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lector  who  is  looking  for  them  and  nothing  else.  Meyrick's  printed  in- 
structions to  collectors  are  useful,  and  Kearf ott  has  an  extremely  valuable 

series  of  papers  on  collecting,  pinning,  etc.,  in  the  Entomological  News 
(U.  S.  A.),  for  March,  April  and  June  1904.  Our  knowledge  of  the  group 
would  be  much  increased  if  there  were  workers  in  this  subject  alone  in 
so  favourable  a  field  as  India. 

Fig.  iM6— Phabscs  malauawoub  in 
RR8TINQ  ATTITODB     K  1. 

Hepialid^e. 

Both  wings  with  twelve  nervures, 
the  cell  of  the  hindwing  emitting 

more    than  6.    No  maxillary 

paljyi  or  tibial  spurs. 

These  are  large  moths  of 

peculiar  facies,  found  solely  in 
the  hills,  none  occurring,  or  very 

rarely,  at  low  elevations  or  in 
the  cultivated  pains.  They  are 

regarded  as  the  most  generalised 
of  existing  moths,  after  the 

Micropteryifidcp,  the  wings  being 
but  little  specialised.  The 
antennae  are  short  and  filiform, 

the  legs  short,  the  proboscis  not 

developed.  The  narrow  wings 
and  long  body  suggest  the 
Cossid  moth. 

So  far  as  known,  the  larvae 

are  borers  in  plants,  often  in 

roots.  Phasaus  is  the  best  known 

genus  in  India,  with  several  large 

species.  Only  twelve  are  recor- 
ded as  Indian.  Phassits  maia- 

baricw,  Mo.,  was  reared  from  a 

larva  boring  a  tea  bush  in  the 

Nilgiris ;  the  moth  hangs  by  day 
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b}'  its  forelegs,  with  the  wings  wrapped  round  it,  in  the  position  a 
flying  fox  or  bat  has.  The  larva  bored  down  the  root  of  the  tea  bush 
from  the  soil  level,  the  pupa  lying  in  the  bore  towards  the  opening. 

THYSANOPTBRA  —Thrips. 

Small  inserts,  with  two  pairs  of  narrow  fringed  wings. 

The  order  is  very  incompletely  known  in  India,  chiefly  owing  to  the 
small  size  of  the  insects  ccmiposing  it.  Our  common  forms  are  le3S  than 

one-tenth  of  an  inch  long,  of 
dull  colouring.  The  head  is 

short,  the  antenna-  moderately 

long  and  inserted  on  the  ex- 
treme front  of  the  head  ;  there 

are  compound  eyes  and  ocell 

and  the  inconspicuous  mouth- 
parts  are  on  the  under  surface 
of  the  head  towards  the  thorax. 

The  trophi  are  peculiar  and  in 
some  species  are  formed  for 

lacerating  the  epidermal  tis- 
sues of  plants,  the  resulting 

sap  or  semi-liquid  matter 
forming  the  food.  In  a 
number  it  is  uncertain  to  what 

use  the  trophi  are  put,  and 

it  is  stated  that  they  are  suc- 
torial in  function. 

Fig.  347— Thkips.  1— Eog.  2, 3- Nymphs. 
4— Rbstiko  nvmph.    3— Imago. 

The  thorax  and  abdomej)-  are  slender,  the  latter  tapering  to  the 
apex ;  the  wings  are  often  reduced  or  absent— when  present  consisting 
of  a  slender  stiff  portion  bearing  a  fringe  of  hairs  on  one  or  both  sides. 

In  repose  they  are  carried  over  the  abdomen.  The  apex  of  the 
abdomen  is  either  composed  of  two  valves  or  of  a  tubular  structure  ;  in 
many  species  a  drop  of  liquid  issues  from  this  tubular  end  and  is  carried 
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on  long  hairs  until  deposited.  The  legs  are  formed  for  running,  are 
rarely  used  for  leaping,  and  terminate  in  a  one  or  two-jointed  tarsus 
and  a  peculiar  vesicle.  There  are  many  peculiarities  of  structure  in 
the  trophi,  tracheal  system,  etc.,  which  we  cannot  touch  on  here. 

Extremely  little  is  known  of  the  life-history.  Eggs  are  laid  in  or 
on  the  tissues  of  plants  (usually  leaves),  under  bark,  in  crevices  on  the 
soil  and  in  other  sheltered  situations.  There  are  said  to  be  three  moults 

in  the  life  of  the  emerging  nymph,  which  is  similar  in  general  structure 

to  the  adult ;  at  the  third  moult  the  insect  appears  with  external  wing 
lobea  and  rests  until  with  another  moult,  it  becomes  winged  and  mature. 
This  fourth  irstar  is  then  an  intermediate  state  between  an  ordinary 

maturing  nymph  and  a  true  pupa.  Thripi  are  found  on  plants,  usually 
in  flowers  and  often  in  great  abundance.  Some  are  found  only  on  leaves 
and  they  may  cause  damage  to  plants  by  lacerating  the  epidermal  tissues 

and  gradually  destroying  the  leaves.  Others  are  found  only  in  flowers 
and  it  is  surmised  that  they  feed  upon  pollen.  In  AustraUa  some  are 

found  causing  galls.  A  large  number  are  also  found  under  bark  and 
in  turf.  Thrips  are  commonly  reckoned  among  injurious  insects  and 

Physopus  rubrocincta,  Oiard,  is  a  serious  pest  to  cocoa  in  the  West 
Indies,  to  which  place  it  was  probably  introduced  from  Ceylon  ;  others 
are  injurious  to  cereals,  etc.,  in  Europe.  Two  cases  have  been  seen  in 
India  of  very  slight  injury  to  plants  by  thrips,  and  we  believe  these 
insects  are  commonly  harmless.  The  species  attacking  tea  in  Sikkim 

are  of  greater  importance  and  have  in  recent  years  done  much  damage. 

Uzel  observes  that,  while  in  some  species  both  sexes  occur,  in  some 

there  are  only  a  small  number  of  males,  the  majority  of  the  females 

reproducing  parthenogenetically  ;  in  others,  there  is  one  sexual  genera- 

tion yearly,  while  in  a  number,  no  males  have  yet  been  found.  He  also 

notices  that  in  some  species  normally  wingless,  winged  females  or 

winged  forms  of  both  sexes  appear  occasionally,  for  the  purpose  of 

spreading  the  species  to  new  spots. 

The  monograph  of  this  order  by  Uzel  is  written  in  Bohemian  (with  a 

German  synopsis)  and  mentions  three  Indian  species  out  of  135  then 

known  (1895).    He  divides  the  order  as  follows;— 
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1.    Female  with  an  ovipositor.    Wings  with  two  internal  and  one 
marginal  vein.    (Terebrantia). 

1.  Antennae  nine-jointed.    Ovipositor  curved  upwards.    Molothri- 

pidcB. 

2.  Antennae  six  to  eight-jointed.    Ovipositor  curved  downwards. 
ThripidcB. 

II.  Female  without  ovipositor.  Wings  veinless  or  with  one  short 

internal  vein.  Antennae  eight- jointed.  Body  flattened,  apex 
of  abdomen  tubular.    (Tubulifera)  PhloBathripidce. 

The  recorded  Indian  species  are  members  of  the  last  family  ;  Idoh- 
thrips  halidayi,  Newm.  and  (?)  Phlcnothrips  anacardii,  Newm.,  were 
described  from  specimens  found  on  Anacardium  in  Mysore,  while  (?) 
PhlcB(^hnps  stenomelas,  Newm.,  was  found  in  Ceylon.  The  species 
described  as  Physopus  rvbrocinctvs,  Giard.,  also  occurs  in  Ceylon  and 
belongs  to  the  Thripidce,  as  do  the  tea  thrips. 

Very  little  is  known  of  thrips  in  India,  though  they  occur 

commonly.  We  have  two  species  which  are  destructive  to  pulse  crops, 
but  they  have  been  found  only  once.  Another  is  known  to  attack 

opium,  a  fourth  is  recorded  as  attacking  turmeric  iff  Madras.  (Indian 
Mus.  Notes,  I,  p.  109.) 

At  least  one  species  is  common  in  flowers,  the  flowers  of  8ann  Hemp 

(Crolalana  juncea),  being  commonly  full  of  a  harmless  thrips.  Others 

have  recently  been  destructive  to  tea  in  Darjeeling  and  other  larger 
forms  have  been  found.  There  is  probably  a  considerable  number  of 

species  which  require  collecting  and  observing.  Specimens  should  be 

preserved  in  spirit,  as  they  are  useless  dry,  unless  exceptionally  large. 







PLATE  LVIIL— External  Anatomy  of  a  Fly. 

Fig.  1.  Vertex. 

„  2.  Front. 

„  3.  Fronto-orbital  briatleg. 

„  4,  Vibrissa. 

„  5.  Palpi. 

,,  6.  Scutellum ;  the  part  Ij  ing  below  this  is  the  Mesonotum 

„  7.  Haltere. 

„  8.  Pre-apioal  bristle, 

In  the  left-hand  figure  the  veins  of  the  wing  are  niarketl  thus :  the 

Costa,  Sub-oosta,  Cross-veins,  Anal  veins,  and  the  two  Basal  cells  are  bUclc. 

The  four  Posterior  colls  are  lightly  dotted.  The  Radius  and  its  br*nclieB 

are  red,  the  Media  green,  and  the  Cubitus  blue. 





DIPTERA.-  (Flies.) 
By  F,  M.  HowiiBTT. 

The  antennae  modepately  long  and  many-Jointed,  cp  oulte  ehopt  with 
few  Joints  of  which  the  last  Is  thick  and  bedrt  a  bplstie-llke  ppooeu. 
The  mouth'papta  fop  auoklng,  sometimes  fop  piepcing  also.  One  palp 
of  wings  (mesothopaolo),  hyaline,  with  few  oposs-veins,  occaslonslly 
halpy  OP  scaly.  A  palp  of  metathopacic  haitepes.  The  body  bplstly, 
haipy,  scaly,  OP  bape.  The  metamopphosis  complete;  the  pupa  may 
be  bape  with  the  limbs  frae,  op  may  be  enclosed  within  the  last  lapval 
skin.  The  length  ot  the  imaglnal  life  Is  often  gpeatepthan  the  lapval, 
the  lattep  fpequently  vepy  shopt.  None  of  the  Olptepa  ape  vepy 
large,  and  many  ape  vepy  small  None  at-e  tpuly  social.  The  lapvas 
are  without  feet ;  a  iapge  numbep  ape  papssitic  on  Insects  and  a  few 
on  mammals  ;  very  many  otheps  are  soavengeps,  while  some  ape 
ppedatops  and  hepblvores;  many  ape  aquatic.  The  adults  Include 
vepy  many  flowep-haunting  species  and  some  ppedatops  and  blood- 
suokeps. 

The  Diptera  are  separated  into  two  big  groups  corresponding  to  the 

way  in  which  the  pupa  or  pupa-case  splits  when  the  adult  insect  emerges. 
Those  families  in  which  there    is 

Orrt. UaJpha, a  split  more  or  less  straight  down 

the  back  of  the  thorax  are  group- 
ed together  as  ORTHORHAPHA 

(i.e., "  straightcraok  "),  while  those 
in  which  the  split  runs  roimd 

the  end  of  the  pupa-case  (fig. 

348)  are  called  CYCLORHAPHA 

(t.  c,  "  roundcraok  "). 

Of  course  it  is  often  impos- 
sible to  see  the  way  in  which 

any  particular  fly  escapes  from 

the  pupa,  and  these  divisions  would  be  useless  were  they  not  also 

indicated  by  other  characters  more  easily  observed.  The  Ortho- 

rhaphous  pupa  itself  differs  from  the  CydorhaphouB  in  that  the  latttsr  is 

endosed  in  the  last  larval  skin,  which  remains  surrounding  it  as  a 

JIL  *5 

Cucloriitxhho 

Fig.  348-Sfut  pupa-oabe. 
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FiR.  349— A  Froit-fly  (DACUS)  EMRRCnNO  f»OM 
roPARiDM.    (From  ufb.) 

protecting  case,  the  pupa  and  its  case  together  being  called  a   ' '  pupa- 

rium."     In  the  Orthorhapha,  with  few  exceptions    {e.g.,  the  family 
Stratiomyidce),    we   find, 
on  the  other  hand,  that 
the   last    larval   skin  is 

completely  shed  and  cast 
aside,  leaving  the  pupa 
bare    and    unprotected  ; 
in  such  pupae  the   limbs 

and  general  shape  of  the 

future  imago  can  be  seen,  while  in  the  Cyclorhaphous  puparium  all  these 
details  are  completely  concealed  by  the  hardened  and  contracted  larval 
skin  which  encloses  the  true  pupa.    This  difference  in  the  type  of  pupa 
is  associated  with  a  difference  in  the  way  the  fly  gets  out  of  it :  in  the 

Orthorhapha  the  splitting   of  the   comparatively   weak  pupa-skin   is 

effected  by  what  we  may  call  "  hunching  the  shoulders,"  and  the  top 
of  the  thorax  is  the  part  of  the  fly's  body  which  is  first  exposed.    The 
Cyclorhapha  employ  a  different  method,  perhaps  owing  to  the  less  jrield- 
ing  nature  of  the  hardened  skin  which  surrounds  the  true  pupa.    In  order 

to  escape,  the  fly,  instead  of  trjdng  to  crack  this  skin  along  the  thorax, 
pushes   out   the  end  of  it  and  emerges  head  foremost.    To  push  out  the 

end  it  cannot  use  its  feet  and  limbs,  since  these  are  confined  mummy -like 
in  the  puparium,  but  it  gets  over  the  difficulty  by  the  help  of  a  very 

remarkable  structure,  in  the  shape  of  an  expansible  balloon  arising  from 
the  head.   When  inflated  with  liquid  from  the  body,  this  balloon  (called 

a  "  ptiUnum  ")  pushes  off  the  end  of  the  puparium  and  releases  the  fly, 
whose  escape  is  rendered  easier  from  the  shrinking  of  the  body  due  to 

the  absence  therefrom  of  the  liquid  used  to  inflate  the  balloon.    (Figs. 
349,  350.)    The  ptilinum  is  afterwards  deflated  and  disappears  into  the 

head,  leaving  the  scar  called  the  ' '  frontal  suture  ' '  as  evidence  of  its 
existence  (fig.  407).    All  flies  with  this  frontal  suture  are  Cyclorhapha. 

It  should  be  noted  that  three  families  (Platypezidai,  PipuncuUd(B  and 

the  big  family  Syrphidcs)  are' included  in  the  Cyclorhapha  although 
they  do  not  possess  a  frontal  suture  :  they  are  therefore  known  as  Cyclor- 

hapha "  Aschica  "  (i.e.,  without  suture),  being  classed  with  the  Cyclor- 
hapha because  of  the  mode  of  splitting  of  the  pupa-case  as  well  as 

by  the  form  of  the  antennae  and  by  their  poaae^aing  a  small  but  sys- 
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tematically  important  structure  in  the  shape  of  a  minute  aclerite  just 
above  the  base  of  the  antennae,  called  the  frontd  lunula  (fig.  405)  which 

is  characteristic  of  oH  the  Cy- 

clorhapha.  Apart  from  these 
three  families  the  rest  of  the 

Cyclorhapha  consists  of  a  vast 
number  of  species  possessing 
both  lunule  and  suture,  and 

hence  known  as  Cyclorhapha 

"  Schizophora  "  {i.e.,  "pos- 

sessing suture").  House-flies 
and  blue  bottles  belong  to 

this  group.  The  Cyclorhapha 

as  a  whole  are  also  distinguish- 

■'t  N^,  -/fy  ^d  by  their   antennae   having 
not  more  than  three  joints,  the 

third  jtoint  showing  no  signs  of 

being  segmented  or  made  up  of 
more  than  one  piece,  while  it 
bears  on  its  upper  side  an 

"arista"  (fig.  351)  which  is 

quite  thin  and  hair-like  and 

Fig.  :iso.-HRAi>oFMi'f.c-ii)(cY(WBHAPHA).iuKi    frequently  plumose  or    pube- RMKBUBP   FKOM  PIPABIUM,  HHOVUNO   ABOVE  ,p.  j     •  nuioint- 
THB  ANTRKVA  THK  HAi-r  i)KFi-ATBi> " i-riM-    sceut.     ine  paipi  are  unjoiui- 

"t^w-"  ed.    The     Cyclorhapha      are 

The thus  divided  into  two  groups,  the  Aschiza  and  Schizophora 

Orthorhapha  are  likewise  divided,  but  here  the  division  is  
based 

mainly  on  the  structure  of  the  antennae.  The  first  group,  the 

Orthorhapha  "  Nemocera "  (i.e.,  "thread  horn"),  generally 

have  4-jointed  palpi  and  long  antennae  usually  composed  of  a  dozen 
 or 

more  similar  freely-jointed  segments,  while  the  second  group,  the  Or
tho- 

rhapha Brachycera  (i.e.,  "  short-horn  ")  have  palpi  of  not  mote  than 

two  joints,  and  short  antennw  which  show  various  grades  between  
the 

many.jointed  Nemocerous  antennip  such  as  that  of  mosquitos  or 
 Stm«- 

Imm  (fig.  351)  and  the  simple  short  three-jointed  antenn-e  of  the  C
yclo- 

rhapha. Prom  the  Cyclorhaphoua  antennas  those  of  the  Orthorhapha 

Brachycera  differ  in  that  they  usually  show  pretty  clearly  that  what 
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'  '  produce  their  young  as    larvsB  or 

pupae. (6)  Siphonaptera,  Fleas.  Parasi- 
tic  wingless  jumping  insects  with 
narrow  flat-sided  bodies  and  lea- 

thery skin. 
These  two  groups  are  so  much  modified  in  accordance  with  their 

parasitic  mode  of  life  that  they  are  easily  distinguished  from  other 

Diptera,  and  we  shall  at  present  consider  only  the  first  four.  The  classi- 
fication of  these  given  above  depends  on  the  structure  of  antennae,  palpi, 

and  head,  but  there  is  another  character,  the  venation,  which  is  of  con- 

siderable importance  (See  p.  .'i.'iS). 
The  life-histories,  while  very  various  in  detail,  exhibit  a  general 

broad  similaritv.  The  larvee  in  the  Nemooera  are  mostly  aquatic  or 

inhabit  wet  places,  the  former  usually  developing  into  floating  pupee. 
Very  few  of  the  larvic  are  predaceous,  most  of  them  being  vegetarians 

or  scavengers,  and  the  imagos  are  in  many  cases  blood-suckers  (Mos- 
quitos.  Midges,  Sandflies,  and  Simulmm).  One  family,  the  CecidomyiidcB, 
includes  many  gall-makers.  The  larvae  of  the  Brachycera  are  only 

occasionally  semi-aquatic  or  aquatic  {e.g.,  TabanidcB,  the  horse-flies, 
and  StratiomyidcB)  and  are  mostly  either  predaceous  or  parasitic  on 
other  insects  ;  a  few  are  scavengers.  The  adult  Tabanids  suck  the  blood 
of  animals  ;  several  other  families  suck  the  juices  of  insects,  while  those 
flies  which  develop  from  parasitic  larvae  generally  frequent  flowers  and 
suck  nectar. 

In  both  the  Nemocera  and  Brachycera  most  of  the  larvae  have  a 

distinct  and  well-formed  head  which  is  clearly  separate  from  the  tho- 
racic segments. 

The  larvae  of  Aschiza  and  Schizophora  are  of  a  different  type,  for  in 

these  the  head  is  very  small  and  either  habitually  retracted  or  poorly 

developed,  without  any  neck  or  distinctly  marked  division  from  the 

thorax,  while  the  jaws  are  generally  represented  by  two  small  hooks 

which  work  up  and  down,  and  not  horizontally  as  in  many  Nemooera- 
With  the  exception  of  some  Syrphidee  we  do  not  know  of  any 

predaceous  larvae  in  these  groups  ;  a  few  are  aquatic,  a  considerable 
number  attack  living  plants,  and  a  still  larger  proportion  are  soavengezs 
or  are  parasitic  on  insects  or  mAmmats. 
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may  look  like  the  third  joint  and  its  continuation  (arista)  is  really  made 
up  of  several  joints  or  segments  joined  together.  It  may  be  noted  that 

when,  as  in  many  Brachycera,  the  ' '  arista  ' '  is  thick  and  terminal,  it 
is  generally  called  a  "style,"  to  distinguish  it  from  the  very  thin 
usually  dorsal  arista  of  the  Cyclorhapha. 

Putting  what  has  been  said  above  into  tabular  form,  we  have — 

Orthorhapha,  with  pupa  generally       (1)  Nemocera   including  mosqui- 
free,  the  fly  emerging  by  a  spUt    tos,  gnats  and  the  like,  mA.  many- 

along  the  top  of  the  thorax.  jointed  antennae  and  four  or  five- 
jointed  palpi. 

(2)  Brachycera  including  the  big 

horse  flies  ( ' '  Dans ' ' )  and  a  variety 
of  others,  with  palpi  of  not  more 
than  two  joints  and  antennae  of 
various  forms  intermediate  between 

Nemocera  and  Aschiza,  but 

generally  showing  at  least  traces 
of  more  than  three  joints  or  seg- 
ments. 

Cyclorhapha,  with  pupa  enclosed  (3)  Anchiza  including  many 

in  last  larval  skin,  the  end  of  this  hovering  flower-flies,  with  frontal 

being  burst  open  by  the  fly  on  em-  lunule  but  without  frontal  suture, 
erging.  Antennse    simple,    3-jointed   with 

arista.    Palpi  unjointed. 

(4)  Schizophora  including  house- 
flies,  bluebottles,  etc.,  with  lunule 

and  suture.  Antennes  simple,  3- 
jointed  with  arista,  as  in  Aschiza. 

Palpi  unjointed. 

To  these  we  will  now  add  two  more  groups,  whose  members  can 
generally  be  recognized  without  difiiculty. 

(5)  Pupipara  including  the  well- 
known  crab-like  dog-flies.  Parasitic 
sometimes  wingless  insects  of 

curious  shapes,  flattened,  with  lea- 
thery skin.    They  lay  no  eggs,  but 
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Excluding  the  aquatic  and  some  of  the  parasitic  forms,  the  general 
appearance  of  the  larva  is  much  the  same  in  the  great  majority  of  the 
species.  The  tail  end  is  thick  and  blunt,  bearing  two  chitinized  patches 

marking  the  openings  of  the  posterior  spiracles  :  from  the  tail  the  body 
tapers  toward  the  head,  which  is  quite  small,  eyeless,  and  furnished  with 

a  pair  of  downward-curving  booklets  which  serve  as  jaws.  The  adults 
are  nearly  all  flower-flies ;  a  few  are  predaceous  and  there  are  a  small 
number  of  species  which  suck  blood. 

If  we  except  the  Fleas,  Mosquitos,  Sand-flies,  and  perhaps  some 
Midges,  we  may  say  that  no  Diptera  appear  to  be  nocturnal.     Excepting 

Fig.  351— AKTEMNA  of  («)  CULICID,  (6)  Simuliid,  (r)  Tabanid,  (d) 
DOLICBOriK,  («)  SyBFIUD,  (f)  MURCIU.  dHOWINO  MFPBRKNT  DK- 
ORRXtl  OK  raOKTKN'INO  AMD  COMPA0TNI8S. 

(A/fw  G»miloek  and  Sharp.) 

the  predators  and  blood-suckers,  the  adults  frequent  either  flowers  or 
filth.  Hibernation  where  it  occurs  apparently  takes  place  most  often 
either  in  the  larval  or  pupal  condition,  but  sufficient  information  on  this 
point  has  not  y«t  been  accumulated,  and  some  flies  (e.g.,   Mosquitos) 
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are  known  to  Ubernate  as  adults.  Not  much  is  known  about  the  past 
history  of  Diptera,  but  from  the  study  of  insects  preserved  in  amber  it 

appears  that  the  oldest  forms  are  among  the  Nemocera,  and  that  the 

Schizophora  are  of  much  more  recent  development.  Now  if  we  com- 
pare these  two  groups  we  shall  see  that  development  has  largely  taken 

the  forms  of  reduction,  shortening  and  simplification  of  parts,  rather 
than  the  production  of  new  ones.  This  does  not  apply  to  the  ptilinum, 

which  is  an  organ  not  possessed  by  any  of  the  Nemocera,  but  it  does  apply 

especially  to  the  antennsB,  palpi,  and  venation.  Fig.  351  represents 
two  antennae  of  Nemocera,  two  of  Brachycera,  and  one  of  Asohiza  and 

(Schizophora.  The  possible  course  of  development  is  clearly  seen  where- 
by a  nemocerous  antenna  might  in  course  of  time  be  modified  into  the 

compact  three-jointed  Muscid  pattern  (/). 
So  also  with  the  maxillary  palpi  (labial  palpi  are  very  rarely 

if  ever  present)  :  those  of  the  Nemocera  generally  have  four  joints,  the 
Brachycera  two  or  one,  the  Aschiza  and  Schizophora  always  one  only. 

The  question  of  venation  is  more  complex  (p.  553),  but  on  com- 
paring the  wings  of  the  Nemocera,  Brachycera,  Aschiza,  and  Schizo- 
phora, it  is  clear  that  the  main  characteristic  of  the  Schizophora  is  the 

comparatively  few  veins  in  the  hinder  part  of  the  wing  and  the  closing 

up  of  the  cells  near  the  base  (basals  and  anal).      In  the  Nemocera  the 
hind  part  of  the  wing  has  several  veins,  and  the  anal  cell  is  large   and 

open.    In  the  Brachycera  the  anal  cell  shows  signs  of  diminution,  and 

may  be  either  narrowed  at  the  margin  or  closed.    In    the  Aschiza  it  is 
always  closed,  though  often  large,  while  in  the  Schizophora  It  is  always 

closed  and  usually  quite  small.    In  this  connection  it  should  be  pointed 

out  that  though  what  has  just  been  said  is  true  on  the  whole,  yet  indi- 
cations of  this  line  of  development  by  reduction  of  wing- veins  can  also 

be  traced  in  each  of  the  four   groups   taken  singly,  more  particularly 
among  some  of  the  smaller  Nemocera  and  Brachycera ;  such  are  the 
ChironomidcB,  some  BihhnidoB  and  especially  Simtdium  in  the  former 
group,  and  in  the  latter  some  Straiiomyidce,  Cyrtidce,  DoUohopodidcB, 
and  especially  Phoridce.    The  same  tendency  towards  simplification  is 

met  with  in  the  larvae.    Speaking  in  a  general  way  one  may  say  that  the 

oldest  families  of  flies  are  probably  those  which  have  aquatic  or  semi- 
aquatic  larvae  with  distinct  head  and  eyes.    Such    larvae  are  the  rule 
among  the    Nemocera.    Bibionid  and  Mycetophilid  larvae,  though  not 
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aquatic,  cannot    endure  drought.    The  gall-making  CeddomyiidcB  are 
a  much  specialised  family  whose  larvae  are  in  no  way  aquatic. 

In  the  Brachycera  there  are  a  good  number  of  this  aquatic  or  semi- 
aquatic  type  among  the  more  primitive  families  {Leptida,  StratiomyidCB 
and  TabanidoB),  but  most  Brachycerous  larvae  {Asilidm,  TherevidcB,  etc.), 

live  on  land,  preying  on  such  insects  as  are  found  in  rather  damp  but  not 

very  wet  places  such  as  rotting  wood,  bark,  or  in  moss  or  earth  :  they 
are  active,  with  distinct  heads,  the  eyes  are  present  in  some  species  and 

absent  in  others,  and  the  antennso  are  not  so  well  developed  as  in  Nemo- 

cerous  larvae.  There  also  occur  in  this  group  a  large  number  of  para- 
sitic larvae  {BombyliidcB),  but  these,  at  any  rate  in  their  later  stages,  are 

almost  incapable  of  motion  and  have  no  distinct  head,  jaws,  eyes  or 

antennae,  though  when  newly-hatched  the  larvae  may  be  very  active. 
Among  the  Aschiza  there  is  a  considerable  variety  in  the  form  and  habits 
of  the  larvae  ;  they  may  be  scavengers,  vegetarian,  predaceous,  parasitic 
or  commensal,  and  there  are  a  small  number  which  are  aquatic  [e.g., 

genua  Eristalis  in  family  Syrphidce  (fig.  404)],  but  in  spite  of  this  variety 
in  their  mode  of  Ufe  the  head  is  never  well  developed,  and  the  eyes  and 

antennae  are  either  absent  altogether  or  extremely  small,  the  general 

shape  approaching  that  of  a  "  maggot."  Much  the  same  may  be  said 
of  the  larvae  of  Schizophora,  but  in  this  group  there  is  less  variety  in 
habit.  In  the  section  containing  what  are  probably  the  older  and  less 

recently  developed  families  (the  ' '  acalyptrate  muscoids  ' ' ),  there  are  a 
few  aquatic  larvae  (e.g.,  Ephydridce,  Sciomyzidce) ;  and  of  the  rest  very  few 
if  any  are  truly  predaceous,  and  almost  all  feed  on  living  plants  or  are 
scavengers  or  parasites.  Simplification  of  form  has  here  been  carried 

to  an  extreme  (PI.  LXVI,  &  figs.  424,  425),  the  head  and  sense-organs 
being  reduced  to  the  lowest  possible  point.  The  probable  reason  of  this 
extreme  simplification  lies  in  the  shelter  and  protection  which  the 

larval  habits  ensure :  living  as  these  larvae  do,  either  inside  plants, 
under  dung  and  decajring  matter,  or  as  parasites  in  the  bodies  of  insects 
and  other  animals,  they  have  little  need  of  any  organs  except  those 

which  enable  them  to  eat, ''breathe  and  digest ;  all  else  has  tended  to 
degenerate  and  disappear,  leaving  as  residue  the  typical  maggot,  a 
creature  admirably  adapted  to  succeed  in  its  own  simple  way  of  life. 

A  word  should  be  said  here  about  the  breathing  arrangements  of 

Dipterous  larvae  and  pupae.    The  devices  and  structures  which  they 
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employ  to  obtain  oxygen  are  extremely  beautiful,  but  so  various  that 
we  cannot  attempt  any  general  account  of  them  ;  the  student  will  find 

a  great  deal  of  interesting  information  in  Miall's  "Aquatic  Insects," 
and  further  knowledge  can  be  obtained  from  the  nearest  tank. 

The  typical  respiratory  system  of  the  Dipterous  larva  consists  of 
two  big  tracheal  tubes  running  from  tail  to  thorax,  connected  with  each 

other  by  cross-tubes  and  having  side  branches  to  the  lateral  spiracles. 
There  is  a  general  tendency  for  these  lateral  spiracles  to  degenerate,  so 

that  breathing  may  be  mainly  or  entirely  carried  on  by  the  anterior 
(prothoracic)  and  posterior  spiracles  only  ;  larvae  with  this  arrangement 

are  called  ' '  amphipneustic  ;  "  in  many  larvae,  especially  in  aquatic 
species,  the  posterior  spiracles  alone  remain  functional,  and  then  the 

larvae  are  called  "  metapneustic."  In  these  aquatic  forms  respiration  is 
often  carried  on  in  part  by  gill-processes,  generally  situated  at  the  tail 
end  of  the  body  (see  p.  131). 

Some  parasitic  larvae  (OestridcB)  are  able  to  live  for  long  periods  in 
the  body  of  their  victim  without  any  air. 

Venation. — The  nomenclature  of  the  wing  "veins"  or  "nervures" 
has  for  long  been  a  source  of  confusion  to  the  student,  since  there  is  no 
one  authoritative  system  in  vogue.  The  most  satisfactory  is  that  of 
Comstock  and  Needham,  a  modified  form  of  which  we  have  therefore 

adopted.  Comstock's  system  is  based  on  an  extensive  comparative 
study  of  the  development  of  the  veins  in  the  wings  of  a  large  number  of 
insects,  and  is  applicable  to  other  orders  besides  Diptera.  To  explain 

it,  we  will  take  as  an  example  one  of  the  common  large  horse-flies  {Taba- 
niK),  shown  on  PI.  LXII  {not  the  well-known  flat  brown  cattle  and 
dog-flies).  Forming  the  front  edge  of  the  wing  is  a  strong  vein  called 
the  Costa,  which  in  this  case  is  continued  right  round  the  edge  of  the 

wing.  Just  behind  it  is  the  aubcosta,  which  joins  it  about  half-way  along 
the  front  edge  of  the  vring.  Just  near  the  base  of  the  wing  the  roita 

and  avbcoata  are  connected  by  a  short  cross-vein,  the  humeral  eroas-vein. 
Behind  the  subcosta  is  a  third  vein,  which  is  seen  to  be  single  near  the 

base  of  the  wing,  but  branches  towards  the  tip  into  four  separate  veins. 
This  vein  is  called  the  Radius,  with  its  branches,  first,  second,  third 
and  fourth  (counted  from  the  front).  Behind  the  radius,  and  connected 

with  it  by  a  little  cross-vein  in  the  middle  of  the  wing  (the  anterior  cross- 
vein),  is  the  Media,  which  divides  near  the  middle  of  the  wing  into  an 
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anterior  and  a  posterior  branch,  the  anterior  branch  having  an  offshoot 

(coming  off  nearer  the  edge  of  the  wing)  connected  with  the  posterior 

branch  by  a  small  cross-vein  (the  jmterwr  cross-vein),  and  thus  com- 
pletely enclosing  a  small  space  in  the  middle  of  the  wing.  This  enclosed 

area  is  called  the  Discd  cdl.  Looking  again  at  the  basal  half  of  the 

wing,  we  see  behind  the  Media  a  vein  called  the  Cubitus,  dividing,  like 

the  Media,  into  two  branches,  of  which  the  front  one  is  joined  by  a  little 

cross-vein  to  the  posterior  branch  of  the  Media.  The  other  (posterior) 
branch  of  the  Cubitus  coalesces,  before  it  reaches  the  edge  of  the  wing, 

with  the  anal,  the  Sixth  and  last  longitudinal  vein. 

In  speaking  of  the  spaces  bounded  by  veins,  i.e.,  the  ceUs,  we  use  the 

following  names.  The  cell  between  the  costa  and  subcosta  is  the  Costal 

cell,  that  between  the  subcosta  and  radius,  the  subcostal.  Separating 

the  main  stem  of  the  radius  from  that  of  the  media  is  the  first  basal 

(bounded  on  the  outermost  side  by  the  anterior  cross-vein),  while  the 
second  basal  similarly  separates  the  media  from  the  cubitus.  The  cell 
between  the  cubitus  2  and  anal  vein  is  the  anal  cell,  which  in  this  case  is 

closed  before  the  margin  of  the  wing  is  reached  owing  to  the  coalescence 
of  the  cubitus  2  and  anal  veins.  The  cell  behind  the  anal  vein  is  the 

axiUary. 

Taking  now  the  cells  bordering  on  the  outer  edge  of  the  wing,  the 

one  lying  next  to  the  subcostal  cell  on  its  outer  side  is  the  marginal  cell 

Vlg.  .382-AKOPHH1.es  *IN0,  AFTEK  NDTrAU  AND  SHIPLEY.    THE  OK088E8  INWCITB 
TBI  VEINS  MfuniA  I  AND  MEDIA  t 

(between  the  first  two  branches  of  the  radius).  Next  behind  it  is  the 
1st  svhmofginal,  and  behind  this  and  including  the  point  of  the  wing  is 
the  2nd  svbmarginal.  Along  the  edge  of  the  wing,  filling  up  the  space 
between  the  2nd  submarginal  cell  and  the  coalesced  cubitus  2 1  anal  vein, 
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five  cells  can  be  seen,  which  are  the  five  'posterior  ceUa,  the  front  one  being 
called  the  first. 

On  comparing  the  figure  of  the  mosquito's  wing  (fig  352),  w<»-  see 
that  the  media  is  only  two-branched,  and  there  is  no  posterior  cross- 
vein,  and  thus  no  closed  disced  cell.  Also  the  cubiltis  2  and  anal  veins 

do  not  coalesce,  but  remain  quite  separate,  leaving  the  anal  cell  open 
at  the  margin  of  the  wing. 

The  house-fly  type  of  wing  (fig.  423  &  PI.  LXVIII)  has  diverged  a 

good  deal  from  that  exhibited  by  the  horse-fly  and  mosquito.  This  is 
thought  to  be  due  to  the  coalescence,  or  growing  together  inwards  from 

the  margin,  of  certain  veins  at  some  period  in  the  past  history  of  house- 
flies,  and  a  consequent  reduction  in  the  number  of  veins  apparently 

present. 

There  is  only  one  svbmarginal  cell  {i.e.,  the  radius  is  3 — instead  of 
4-branched).  The  media  is  2-branched,  the  first  branch  turning  up  so  as 
nearly  to  close  the  first  posterior  cell.  The  branching  of  the  media  occurs 

quite  near  the  base  of  the  wing,  and  the  posterior  cross-vein  is  rather  near 
the  margin,  so  that  the  discal  cell  is  large.  The  posterior  branch  of  the 

media  has  coalesced  along  nearly  its  whole  length  with  the  anterior 
branch  of  the  cvbitus,  while  the  short  posterior  branch  of  the  latter  joins 
the  anal  vein  near  the  base  of  the  wing,  the  anal  cell  being  thus  quite 

short  (i.e.,  "closed  remote  from  the  margin").  Just  behind  the  ono/ 
vein  is  a  small  second  anal  vein.  There  is  another  system  of  naming  the 

veins  which  is  very  often  used,  and  which  is  more  convenient  when 
dealing  with  the  specialized  wings  of  most  Cyclorhapha ;  we  therefore 

give  it  for  comparison  and  reference.  The  names  of  the  cells  and  cross- 
veins  are  the  same  ;  the  others  as  follows  : — 

Costa , , . .    Costa. 
Subcosta , . . .    Auxiliary. 
Radius 1 . .    1st  Longitudinal. 

» 2 . .    2nd  Longitudinal. 
f} 3 . .    3rd  Longitudinal  anterior  branch. 
>> 4 . .    3rd  Longitudinal  posterior  branch. 

Media 1 . .    4th  Longitudin^  anterior  branch. 
ft 2 . .    4th  Longitudinal  posterior  branch. 
5) 3 . .    5th  Longitudinal  anterior  branch. 

Cubitus 1 . .    5th  Longitudinal  posterior  branch. 
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Cubitus       2  . .    Posterior  basal  cross-vein. 

Anal  . .  . .    (>th  Longitudinal. 

Some  of  the   terms  here  used  in   describing   flies  may  need   expla- 
nation. 

SquamoB  (fig.  353),  are  small  membranous  flaps  covering  the  little 

knobbed  rods  called  haUeres  at  the  base  of  the  wing.  The  part  of  the 

head  between  the  eyes  and  above 

the  antennae  is  called  the  front, 
and  rows  of  bristles  down  its 

sides  are  called  the  fronto-orbital 

brisUes  (PI.  LVIII).  A  large 

single  bristle  on  the  tibia?  some 

little  way  above  its  lower  end 

is  called  a  pre-ajncal  bristle. 
On  the  feet  the  two  outer  pads 

are  called  the  puimlli,  the 

middle  one  the  empodium. 

The  study    of  Indian  Dip-  pjg   a^a-SQUAw^  of   a    bluebottlk,  (.bbn 
fppa    bus     linH)      nnifp      rpnpni]v  '»*>'*     ̂ HB    SIDE    AS  TWO   WHITISH     FLAPS tera  nas  until  qmte  recently  co\BaiNG  thb  hamkric;  the  oval  hkad 

been     much     neglected.    With       °^  '™"  lattbe  is  shown  in  the  cbntrk 
the  exception  of  a  small  amount 

of  information  contained  in  Indian  Museum  Notes,  practically  no  record 

of  work  on  the  habits  and  life-histories  of  any  but  the  CulicidcB  has  been 

found.  In  this  latter  family  the  student  will  be  greatly  helped  by  Giles' 

"Mosquitos",  James  and  Liston's  "Anopheles  of  India,"  the  latter 

with  excellent  plates,  and  Theobald's  "Monograph  of  the  CulioideB," 

together  with  other  more  scattered  literature.  Dr.  Speiser's  writings  on 
Pupipara  contain  many  references  to  Asiatic  species,  and  those  partes  of 

"  Genera  Insectorum,"  which  refer  to  Diptera  will  be  found  useful  when 

they  are  available  for  reference.  For  the  rest,  Van  der  Wulp's  "  Cata- 

logue of  the  Diptera  of  S.  Asia  "  (up  to  1896)  is  essential,  and  will  form 
the  basis  of  all  future  work.  In,  it  will  be  found  references  to  former 

literature  and  to  the  original  descriptions  of  a  large  number  of  Asiatic 

species.  As  a  really  general  text-book  in  English  does  not  yet  exist,  a 

beginner  would  probably  do  best  with  the  just  published  edition  of 

Williston's  excellent  "  N.  American  Diptera,"  remembering  that  it  treats 
only  of  American  species.    The  Indian  Museum  is  at  present  publishing 
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in  the  Museum  Records  the  results  of  a  revision  of  the  species  in  the 
Calcutta  collection,  and  these  will  be  extremely  useful  to  students  of  the 
systematic  side  of  the  subject.  Since  any  lists  of  species  at  present  known 
would  so  very  soon  be  useless  in  view  of  the  rapid  expansion  of  our 
knowledge  of  Indian  flies,  we  have  written  this  section  with  the  object  of 
giving  merely  a  general  introduction  to  their  study  and  some  slight  idea 
of  their  habits. 

OBTHOBHAFHA  NBMOCERA. 

PSYCHODIDjE. 

Very  small  hairy  moth-Uke  fies.  Wings  broad  and  hairy,  meeting 
roof-like  oi^er  the  body  as  in  moths,  except  in  Phlebotomincs.  Ten 
longitudinal  veins,  without  the  usual  cross-veins.  Wings  often  clothed 
imth  scales. 

These  curious  little  flies  are  often  seen  in  shady  rather  damp  places 

on  tree-trunks  or  bath-room  windows.    They  often  run  nimbly  about  in 
little  circles,  but  their  flight  is  feeble.    Their  vena- 

tion is  remarkable  owing  to  the  absence  of  any  cross- 
veins,  except  near  the  base  of  the  wing.    The   larvae 

(fig.  ."Wfi),    generally  live  in  wet  or  rotting  vegetable 
stuff  but  some  are  more  purely  aquatic,  with  a  short 
breathing  tube   at  the   tail,  while    in   some    species 

{Pericoma),  there    are  a  pair  of  anterior  spiracles  as 
well  as   a  posterior  pair,  the  latter  opening  into   a 

i^'K- *5«-RiyoHODA'  fringed    cup  rather    similar   to  that    possessed  by 
Culicids,   Stratiomyiids,   and  several    other  aquatic 

larvae.    This  presence  of  functional  anterior  spiracles  is  a  rare  condition 
among  aquatic  larvae. 

Some  larvae  of  Psychodids  (fig.  355),  found  in  Brazil,  in  company 

with  those  of  Bkpharoceridw,  on  rocks  about  waterfalls,  show  a  curiously 

similar  adaptation  to  life  in  swiftly  running  water. 

The  normal  Psychodid  pupa  (fig.  357)  is  in  general  appearance  a 

good  deal  like  that  of  Lepidoptera,  with  the  addition  of  a  pair  of  ante- 
rior horns  through  which  it  breathes  while  floating  in  the  water  or  l3ring 

in  damp  soil  or  decayed  vegetable  matter. 

There  are  very  few  genera  in  this  family,  but  a  considerable  number 
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!)55— Larva  of  a 
Brazilian  fsvrHo- 
niu  (aftrr  mullrk). 
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of  species,  between  fifty  and  a  hundred  being  known  in  England.  Few 

are  yet  recorded  from  India  (Ind.  Mus.  Rec,  Annandale  and  Brunetti), 
but  an  examination  of  the  walls  and  windows  of 

bath-rooms  soon  shows  that  the  insects  are  abun- 

dant in  the  plains  as  well  as  the  hills.  Two 
species  are  very  common  at  Pusa  (fig.  356),  the 

larvae  of  both  being  aquatic  or  semi-aquatic, 
living  in  places  where  water  constantly  drips, 
or  in  holes  in  tree-stumps  and  similar  spots,  and 

feeding  on  green  algae  and  other  vegetable  matter. 
The  two  largest  genera  are  Psychoda,  in  which 
the  last  branch  of  the  Radius  ends  at  or  in  front 

of  the  wing-tip,  and  Pericoma  in  which  it  ends  pjg, 
behind  it. 

Dr.  Annandale  has  made  the  interesting  dis- 
covery that  Ihplonema,  a  genus  hitherto  known  only  from  specimens 

^  found    in    amber,    occurs  in  the    Himalayan 
'A  region. 

•  ̂   The  chief  importance  of  the  family  depends 
on  the  fact  that  some  few  species  are  vigorous 

blood-suckers.    Until   comparatively    recently 
I  the  identity  of  these  flies  in  India  was  appa- 

rently hardly  recognised,  though  one  species 
had  been  described  from  Ceylon,  but  in  reality 

these  PiychodidcB,  belonging  to  the  genus  Phleho- 
tomus,  form  the  bulk  of  those  annoying  insects 

which  are  known  as  ' '  Sand-fLies  "  and  univer- 
sally condemned.  Specimens  have  been  taken 

^\r^^IamI  o/rw-  fron*  »  variety  of  localities  from  Calcutta  to 
priu"*  BENflAi.KNsiB,  the  Punjab  and  Bombay,  and  they  are  also 

widely  distributed  through  South  India  (N. 
Annandale).  The  females  alone  i>ite.  Their  small  size  gives  them  an 

advantage  over  Mosquitoe,  since  they  are  able  to  walk  through  an  ordi- 

nary mosquito-net  without  difficulty.  The  ankles  are  a  favourite  point 
of  attack,  and  the  flies  will  even  sometimes  crawl  under  the  bed-clothes 

in  their  lust  for  blood.  I  find  their  bite  peculiarly  irritating,  much 
more  bo  than  that  of  the  common  mosquito  (Culex  fatigans),  and  it 



psYCHomn^. 
6B9 

Pig.  357— PrPA     OP    PSYOHOOA 

produces  a  small   red  swelling  which  may  persist  for  some  days.    They 
are  very  partial  to  babies.    I  have  hitherto  found  a  mixture  of  some 

kerosene  with  Hazeline  or  LanoUne  cream, 

the  only  really  good  preventive,  but  moder- 

ately thin  socks  will  protect  the  ankles. 
The  flies  are  found  in  much  the  same  locali- 

ties as  other  Psychodids,  especially  in  bath- 
rooms (generally  in  shady  corners  near  the 

1^        .  floor),   in    latrines,    under   piles    of  damp 

J    """^  bricks  or  stones,  and  in  similar  damp  shady 
places  during  the  day.  They  are  fond  of 

hiding  behind  shutters  on  the  verandah, 

and  at  night  they  emerge  from  their  seclu- 

sion to  bite.  They  differ  from  other  Psycho- 

dids in  their  attitude,  the  wings  being  car- 

ried divergent,  pointing  backwards  and 

BRNOALENsiB,  Bru.  Pusa.  upwards  (fig.  358).  The  sexes  are  distin- 

guished by  the  large  and  complex  genital 

clasping-apparatus  of  the  male  (fig.  359),  the  termination  of  the  female 

abdomen  being  with- 

out any  such  conspi- 
cuous structures  and 

comparatively  simple. 

Copulation  generally 

seems  to  take  place  at 

night.  The  eggs  are 

laid  singly  or  in  small 
clusters,  and  number 

from  about  30—80  in 

different  species  ob- 
served. The  larvae  are 

foun4  in  damp  earth, 

and  are  very  curious  ; 

they  have  a  large 
well-marked  head  with 

big   jaws ;  the  body 

is  covered  with  toothed  spines,  perhaps  as  a   protection  from  enenues 

(similar  sjanes  also  occur  in  some  other  Psychodid  lanrsB),  and  the 

Fie.  »S8-8TAAiEB  or  Vblebotohdb. 
All  X  ABOUT  2S. 
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Fifr.  350— Male  SEHiTikL  clakfeb6  ok  Phlebotomus. 
FBOM  a  FHOTOHIORnOBAPH. 

egg,  larva,  pupa,  and  imago  are  shown  in  fig.  358.  The  length  of  the 

life-history  varies  from  a  month  in  the  hot  weather  to  six  to  eight  weeks 
or  more  in  the  winter  at  Pusa.  Real  hibernation  has  not  yet  been 
observed.  The  eggs  are  laid  usually  in  wet  and  dirty  places,  and  hatch 

in  about  six  days.  The  larvae  feed  on  semi-decaying  vegetable 
matter  for  a  fortnight  or  three  weeks,  and  then  pupate,  the  fly 
emerging  from  the  pupa  in  about  six  to  ten  days.  Some  half  a 
dozen  species  of  the  genus  are  known  from  India ;  at  least  two  of 
these  seem  to  be  found  almost  all  over  the  country,  but  others  are  more 
restricted  in  their  range. 

Chibokouid/ec.    Onats,  Midges. 

Small  mosquito-Uke  fiiet.    AntenncB  phimose  in  the  male.    OeeUi  generally 
absent.     Probosds  short.     Wings  often  hairy   but  not  sealed  as  in 
CuUHda.    Costa  reaching  only  to  tip  of  wing. 

These  flies  are  very  easily  confused  with  mosquitos,  but   with  the , 
exception  of  one  group  of  genera  mentioned  below  they  are  entirely 
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Fijt.    36(1— CKHATOPOOdN  KP. 
Nasik.   X    16. 

protecting  envelope.    The  stages  of  a  common  Indian  Chironomid  are 
shown  on  Plate  LX,  figs.  3,  3a,  36,  3c. 

The  larvae  are  worm-shaped,  with  characteristic  leg-like  processes 
on  the  first  and  last  segments,  and  swim  with  a  lashing  motion.  They 

are  sometimes  red  (the  "  blood- 
worms"  of  the  British  water-butt) 

and  have  gills  and  real  red  blood  like 
fish  (their  tracheal  system  being  then 

merely  rudimentary),  or  they  may  be 
greenish  and  breathe  in  the  ordinary 

way  by  well  developed  tracheal  tubes. 
Sometimes  the  larvse  live  free,  but 

more  usually  they  inhabit  burrows 
in  the  mud  or  live  in  Kttle  tubes  con- 

structed of  bits  of  alge  or  similar 
substances.  They  have  occasionally 

been  found  living  at  great  depths. 

The  pupse  are  active,  and  are  fiur- 

nished  with  tufted  gills  instead  of  the  breathing-horns  usually 
found    in  aquatic  pupae.    They  generally  occupy  the  larval    tubes, 

where  they  lie  gently  undulating  the 
abdomen  so  as  to  create  a  current  of 

fresh  water  through  the  tube.  When 
the  fly  is  ready  to  emerge,  the  pupa 
leaves  its  shelter  and  swims  to  the 

surface,  whereupon  the  imago  escapes 

from  the  pupal  skin  in  the  same  way 
as  a  mosquito. 

The  sub-family  CeratopogonincB  is 
of  interest,  as  it  compiiseB  a  number 

of  species  which  are  blood-suckers, 
some  of  them  of  a  very  determined 

nature.  Here  belong  those  "  midges  " 
which  in  England,  and  especially  in 
Scotland,  often  cause  by  their  attacks 

an  azmofance  out  of  all  proportion  to 

the  zoinute  size  of  the  blood-thizsty 

Fig.  361— Obkatofooon  8p. 
Pdsa.    X  34. 
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inoffensive  creatures.  They  are  readily  distinguished  from  the  CuUeida 
by  their  short  proboscis  and  the  absence  of  scales.  In  the  Mosquitos 
the  hind  edge  of  the  wing  is  fringed  with  little  scales  and  bordered  by  the 
costal  vein,  while  in  the  Midges  there  are  no  scales  (though  the  wing 
naay  be  hairy),  and  the  costa  stops  short  at  the  tip.  In  the  Chironomids 
the  veins  in  the  front  part  of  the  wing  are  often  much  more  strongly 
marked  than  those  behind,  just  as  in  the  Simuliids,  Bibionids,  Stratio- 

myids,  Hippoboscids,  and  Phorids.  In  their  resting  attitude  they  often 
raise  the  fore-legs  and  hold  them  up  in  front  of  the  head,  while  in  Mos- 

quitos it  is  the  hind  legs  which  are  raised  from  the  ground.  They  are 
very  frequently  observed  dancing  in  small  swarms  in  the  still  evening 
air. 

A  species  of  ' '  Ceratopogon  ' '  has  been  observed  at  Pusa  to  settle  in 
a  thick  swarm  of  several  hundred  individuals  on  the  vrnderside  of  four 

or  five  leaves  of  a  Pipal  tree,  remaining  there  for  four  days  in  spite  of  a 
heavy  shower  of  rain.  Some  of  them  which  were  caught  and  kept  soon 

began  pairing,  and  it  is  not  improbable  that  all  such  curious  assemblies, 

as  well  as  ai'-rial  dances,  have  some  connection  with  the  sexual  relations 
of  the  insects  which  take  part  in  them. 

The  sexes  can,  as  a  rule,  be  at  once  distinguished  by  the  antennee, 
which  are  thickly  plumose  and  feathery  in  the  males  but  not  in  the 
females.  The  male  genital  claspers  can  also  be  easily  seen  in  most 
cases. 

With  the  exception  of  the  Ceratopogonina,  tome  of  which  are  blood- 
suckers, the  ChironomidcB  are  of  little  practical  importance.  To  the 

biologist,  however,  they  afford  very  suitable  objects  for  study,  and  a 

good  deal  of  work  has  been  done  on  their  anatomy  and  development. 

They  are  nearly  all  aquatic.  All  stages  of  Chironomus  and  allied  genera 

may  be  found  in  tanks  and  pools  of  stagnant  watar.  Their  eggs  are  in 

many  cases  laid  in  beautiful  little  spiral  strings,  enclosed  in  a  long 

cylinder  of  clear  antiseptic  jelly  which  is  anchored  to  weeds  or  stones. 

The  eggs  may  be  very  numerous,  one  of  these  cylinders  sometimes  con- 

taining neariy  1000.  I  have  observed  a  small  Chironomus  make  the 

curious  mistake  of  laying  its  eggs  on  a  pane  of  glass  instead  of  in  water. 

The  jelly  cylinder  when  extruded  formed  only  a  quite  thin  covering  to 

the  string  of  eggs,  but  when  the  string  was  removed  from  the  glsas  and 

placed  in  water,  the  jelly  rapidly    expanded  to  form  the  usual  thick 



OHIRONOHIDJB.  563 

little  flies.  They  are  seldom  more  than  3  mm.  long,  of  a  rather  thicker 
build  than  other  Chironomids,  and  their  small  size  often  enables  them  to 

escape  unnoticed  ;  fig.  361  represents  a  species  which  is  known  to  bite  at 
Pusa.  As  with  several  biting  flies,  the  state  of  the  weather  and  con- 

ditions of  temperature  and  moisture  seem  to  have  some  influence  on 

their  appetite  for  blood,  and  in  Europe  they  are  supposed  to  bite  most 
freely  before  rain. 

The  mode  of  life  of  the  CeratopogoninoB  is  somewhat  different 
from  that  of    other  Chironomids 

The  eggs  are  not  laid  in  strings,  but  singly  or  in  small  clusters,  gener- 

ally about  30 — 60  eggs  in  all.  There  are  two  distinct  types  of  larvae. 
One  kind  is  aquatic,  snake-like  and  transparent,  and  lives  on  the 
surface  of  stagnant  water  or  in  slow  streams.  Assisted  by  a  tuft  of 
long  bristles  at  the  tail  end,  they  move  rapidly  with  a  wriggling  motion 

along  the  surface  and  in  the  water,  and  develop  into  dark  coloured 

inactive  floating  pupse  with  breathing-horns  on  the  thorax.  These  aquatic 
larvae  are  said  generally  to  mature  into  flies  with  naked  wings,  but 
they  do  not  always  do  so. 

A  second  and  commoner  type  of  Ceratopogonine  larva,  which  is 

supposed  to  produce,  as  a  rule,  hairy- winged  flies,  is  terrestrial,  living  in 

Fl«  362.-TERRB8TBIAL  LAKV*  AND  l-UPA  OK  CEttATOPOOON  8P. 
PnSA.  THK  IARVAL8KI»  18  STILL  ATTACHBII  TO  THB  Mllfn  KND 
OF  THE  PUPA. 

rotten  vegetable  stuff,  under  damp  bark  and  amilar  places.  They  are 

caterpillar-like  in  shape,  and  have  a  double  foot-like  process  on  the  1st 

thoracic  segment,  with  a  somewhat  siiqilar  stnicttire  on  the  anal  sej- 
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ment,  which  assist  in  locomotion.  The  body  is  covered  with 

numerous  small  processes  or  papillae,  each  usually  bearing  a  bristle  at 

the  apex,  these  bristles  being  often  curiously  shaped  and  expanded  at 

the  tip.  The  pupse  are  quite  distinct  in  appearance  from  those  of  the 

aquatic  species  (fig.  362),  and  are  often  found  with  the  last  larval  skin 

still  enveloping  the  hinder  part  of  the  body. 
About  a  thousand  species  of  ChironomidcB  are  known,  but  of  these 

only  four  are  recorded  as  Indian,  viz. :  Chirotumus  vicanus,  Wlk., 
C.  socius,  Wlk.,  C.  cvMculmum,  Dol.,  and  Macropeza  gibbosa,  Wied. ; 
this  of  course  in  no  way  represents  the  very  large  number  of  Indian 
species  which  really  exist,  for  of  these  there  must  be  hundreds. 

The  following  table  of  the  chief  sub-families  is  abridged  from  that 

given  by  Kieffer  . — 
1.  Media  and  cubitus  united  by  a  cross  vein        TanypincB. 

Media  and  cubitus  united  only  at  the  base    2. 

2.  Thorax  humped  over    the  head.    Male  antennee 

with  last  joint  as  long  or  longer  than  all  the  pre- 
ceding joints.    Media  single  (except  Ooryoneura), 

legs  and  tarsi  long  and  slender         Chirono- 
mincB, 

3.  Thorax  not  humped    over    the  head.    The   last 

antennal  joint  never  longer  than  the  two  preced- 
ing. The  last  5  joints  usually  of  different 

shape  from  the  others.  Media  generally  forked, 
legs    and  tarsi    comparatively    stout    (except 

Macropeza)      Ceratopo- 

gonincB. QVHCIDM. 

MoaquitOK.  Slender  flies  with  the  wings  and  body  sedlif,  long  legs 

and  proboscis,  and  v>ell -developed  palpi.  Antenna  long,  feathery 
in  the  male. 

Mosqidtos  are  of  course  familiar  to  everyone,  and  are  easy  to  dis- 
tinguish by  their  scaly  wings  and  long  proboscis.  No  other  flies  except 

PtychodidcB  have  scales  on  their  wings,  and  the  short  proboscis  of  the 

Fsychodids,  as  well  as  their  general  appearance,  is  quite  distinctive. 

Chironomiida,  which  are  much  like  mosquitos,  have  not  got  a  long  pro- 
boads. 
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the  labrum  and  piercing  needles  to  be  inserted  to  a  satisfactory  depth. 

The  insect  injects  an  irritating  saliva  into  the  wound,  possibly  in 
order  to  produce  a  little  local  inflammation  and  so  to  draw  a  more 

plentiful  blood-supply  to  the  spot.  This  saliva  passes  down  from 
the  salivary  glands  in  the  thorax  through  a  minute  canal  inside  the  hy- 
popharynx,  and  the  hypopharynx  also  serves,  by  closing  up  the  under 
side  of  the  labrum,  to  form  a  tube  up  which  the  blood  is  sucked  by  the 

pumping  action  of  the  front  part  of  the  throat.  Very  soon  after  feeding 
the  mosquito  ejects  through  the  anus  a  clear  yellowish  liquid,  which  is 
the  fluid  portion  of  the  blood. 

The  more  solid  matter  remains  in    the  stomach  and  is  completely 
digested  in  one  to  four  days,  when  the  insect  is  ready  to  suck  again.    As 

ran  
■j*'"  ■'*^  '  ' 

nvf. 

Fib  .S64.  -(AFTKR  NUTTAU,  AM)  SHIFLKY)  TR*NS\  BRM5  MH  TIOV8  OF  MOhQUITO'S. 
PROBOSOIB.  LXE  LABBUM.  MN.  MANRIBLE.  MX  MAXFLLA.  HP.  HYl'OPHAKYNA. 
SAL  SALIVAIIY  PUCT.  THE  lAROB  RHKATH  (DOTTED)  IS  THB  LABIUM.  THE 
AlGHT    HAND    FIGURE    RKPEEhEITS   THE   MALE    PROBOSCIS,    WHICH    HAS    NO 
MANDIBLB6.    (Compare  Tabaniuj^  ) 

is  probably  the  case  with  all  blood-sucking  flies,  a  meal  of  blood  seems 
to  favour  the  production  of  eggs,  and  in  some  cases  is  perhaps  even   a 
necessary  preliminary  to  successful  reproduction.    The    male  mosquito 
is  harmless  ahd  generally  lives  on  the  juices  of  plants  and  fruit. 

In  pairing,  the  sexes  come  together  in  the  course  of  the  aerial  dances 
in  which  they  often  indulge,  and  the  actual  copulation  is  in  general  very 
short.  The  males  are  easily  distinguished  from  the  females  by  their 
more  bushy  antennse  and. the  shape  of  their  genital  organs,  which 

include  two  hook-like  claspers,  these  being  plainly  visible  with  the  aid 
of  a  lens.  The  female  lays  her  eggs  in  water.  Those  of  the  Culicince 

are  generally  stuck  together  to  form  the  well-known  little  raft-like 
masses,  while  the  Anophehnce  lay  theirs  singly,  as  also  does  Stegomyia, 
a  Culicine.    The  eggs  themselves  vary  in  shape  among  the  different 
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The  scales  on  the  wings,  head,  and  body  have  frequently  character- 
istic shapes  in  the  different  species  and  genera,  and  are  therefore  used 

in  classification. 

•h0(. 

in«.- 
Kig.  363— PROB080IBOF  FEMALE  ANOPHBLKil  (AFTER  NUTTALL  AND  SHIPLEY ). 

LR.  LABRUM.  MN.  MANDIBLRti.  HP.  UYPOPHARYNX.  MX.  MAXItXA. 
LI.     LABIUM.    LA.    LABELLA.    P.  PALPI. 

As  is  well  known,  female  mosquitos  are  blood-suckers,  and  their 
proboscis  is  modified  for  the  purpose  (Fig.  36^}).  It  cor^ists  of  a  gutter- 
shaped  lower  Up  (Labium)  roofed  in  by  the  upper  lip  (Labrum)  so  as  to 
form  a  complete  tube,  a  sheath  and  support  for  the  inner  parts.  These 

consist  of  a  rather  flattened  blade-Uke  "  hypopharynx  "  and  four 
sharp  serrated  needles  (the  two  mandibles  and  maxillse),  and  it  is  these 
inner  parts  which  do  the  actual  work  of  piercing  and  sucking.  If  a 

mosquito  be  carefully  watched  while  biting,  it  will  be  seen  to  begin  by 
planting  the  tip  of  the  proboscis  on  the  skin.  The  tip  bears  two  slightly 
swollen  lobes  (the  labella),  and  when  it  is  pressed  against  the  skin  these 

lobes  spread  out  on  each  side,  like  a  man's  hands  when  he  leans  on  a  table, 
so  as  to  give  support  and  steadiness  to  the  proboscis.  As  the  inner 

needle-like  structures  ore  pushed  further  into  the  skin  between  the  two 
steadying  lobes,  the  latter  maintain  their  position  at  the  surface,  and  in 

consequence  the  out«r  sheath  (labium)  of  the  proboscis  does  not  really 

pierce  the  skin  at  all,  but  can  be  seen  to  bend  elbow-like  so  as  to  allow 
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species,  and  are  often  furnished  with  small  floats  to  keep  them  at  the 
surface.  Several  lots  of  eggs  may  be  laid  by  the  same  female.  The 
larvHB  emerge  from  the  under  side  of  the  eggs  and  thus  go  directly  into  the 
water.  They  have  a  very  distinct  head  and  thorax,  the  head  usually 

bearing  eyes.  The  jaws  are  provided  with  a  thick  fringe  of  hairs,  and 
their  continual  motion  sweeps  towards  the  mouth  the  little  particles  of 

vegetable  or  animal  matter  on  which  the  larvae  feed.  Some  species  are 
cannibals :  these  have  specially  modified  jaws  to  fit  the  habit,  and  will 
often  attack  and  consume  Chironomid  larvae  considerably  larger  than 
themselves.  The  abdomen  is  composed  of  nine  segments ;  the  eighth 

bears  gill-processes  and  the  ninth  is  prolonged  upwards  in  Culicines  into 

a  "  siphon  "  or  breathing-tube,  at  whose  summit  the  two  big  longitu- 
dinal trachesD  ojwn.  The  end  of  the  tube  is  surrounded  by  a  fringe  of 

fine  hairs,  and  when  these  are  expanded  on  the  surface  of  the  water,  they 

prevent  the  tube  from  sinking  and  the  opening  of  the  trachero  from  being 
submerged.  The  Culicine  larva  spends  a  considerable  part  of  its  life 

thus  suspended  by  its  siphon-fringe  to  the  surface-film  of  the  water,  but 
if  it  is  frightened  or  wishes  to  feed  at  the  bottom,  it  can  shut  up  the  fringe 
like  an  inverted  umbrella,  and  its  own  weight  then  causes  it  to  sink.  It 
can  swim  rapidly  with  a  quick  wriggUng  motion,  the  many  hairs  and 
bristles  about  the  tail  acting  as  a  kind  of  fin. 

The  larvae  are  of  two  types,  those  of  the  Culicine  type  just  described 

being  easily  distinguished  from  Anopheline 
larvaB  by  their  characteristic  attitude  when 
resting,  as  is  also  the  case  with  the  adult 

mosquitos  of  these  two  groups.  The  Culicine 
larva  is  supported  in  the  water  only  by  the 

siphon-fringe,  while  its  head  and  body  hang 
down  ;  the  siphon  of  the  Anopheline  larva 

is  extremely  short,  and  it  possesses  in  addi- 
tion a  series  of  branched  or  tufted  hairs 

("stellate  hairs")  along  the  body.  The 
hairs  are  shaped  rather  like  little  palm-trees, 

and  their  branches  resting  on  the  surface- 
film  of  the  water  support  the  larva  whose 

Fig  365-PoerrioNOFcouoisE  body  in  consequence  does  not  hang  down, 

"^M^rffiTs*"'''       but  Ues  along  horiaontaUy  just  below  the 
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surface.    The  larvae  seem  to  be  lighter  than  those  of  Ciikx,  and 

their  own  weight  is  not  sufficient  to  sink  them,  so  that  they  are  forced 

Kig.  i)66 -ASOPHKlBs  lAKVA  KIWTINO  ATTHK  Bl  KlAVf,  PAttTLY  »D»PBM)Kll  BY  ITS  PALMATE  HAIKh.     MDCH  RNl 

[Afiff  Itlim.) 

to  swim  when  they  wish  to  leave  the  surface.  Unlike  the  Culex 

larvffi,  they  rarely  seek  the  bottom  except  when  frightened.  They 

havp  the  curious  habit  of  often  feeding  with  the  head  turned  completely 

round  on  the  neck,  so  that  what  looks  as  if  it  were  the  top  of  the  head  is 

really  the  under  side.  While  the  Culicine  larva  thus  hangs  in  the 

water  head  downwards,  the  adult  Culex  mosquito  has  the  body  roughly 
honzontal  when  at  rest,  the 

thorax  being  the  highest  point, 

while  the  Ano'pheles  mosquito 
(whose  larva  lies  horizontal)  sits 

with  the  head,  thorax,  and  ab- 

domen in  one  straight  line,  the 

head  down  and  the  tail  up,  as  in 

Fig.  368,  (2V.B,-The  female 

M^zomyta  cuUdfadea,  an  Anop- 
heline,  sits  like  a  Culex.)  When 

the  larvffi  pupate,  which  they  do 
after  two  or  three  moults,  the 

whole  elaborate  breathing' appar- 
atus at  the  tail  end  disappears,  and 

its  place  is  takw  by  two  trumpet- 

shaped  spiracles  projecting  from  '  ' 
the  thorax  which  supply  air  to       Ki)j.887-H«ADANDTHOBAxor  an 
tVi.   t~/.l,o„  wV,.„   tV.  ■  AN«PHitiI»«lABVA  >i  about  16. the  traohete  when  the  pupa    is  {A/ur  Jamu and  LUtiDi.) 





PLATE  LX— Nemocera. 

Fig.  1.     Ptelltophara  iaela      %  2, 

,,     2.     Cecidomyia  sp.  (Cecidomyiidte)      x  10. 

"        '  i  Larva  and  pupa     x  12. 

„     3     Chironomus  sp.  (Chironomidep).     x  8. 

„     3(1.  String  of  eggn  enclosed  in  jelly     x  3. 

„     36.  \ 
,,     I  Larva  and  pupa      x  5. 

,,     4      Myzomyia  (Anopheles)  Rossii,  Giles,     x  5. 

„     5.     Slegomyia  seulellaria,  Wlk.     x  5. 

„     6.     Ciller  fatigant,  Wd.     x  5. 

Figures  4,  5,  and  6  are  copied  from  Theobftld's  "Monograph  of  the 

Ctilicid(f, " 
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floating  at  the  surface.  The  pupa  itself  is  shaped  like  a  comma  (,),  a 
swollen  rounded  mass  containing  the  head,  thorax,  legs  and  wings,  with 
the  abdomen  curved  round  underneath.  The  tail  is  furnished  with  fins  or 
paddles  like  those  on  the  tail  of  a  lobster,  and  by  means  of  these  the  pupa 
can  swim  downwards  very  quickly  when  disturbed.  It  is  lighter  than 
water,  and  floats  at  once  to  the  surface  unless  it  continues  to  work  its 

tail-paddles.    There  are  no  very  marked  differences  between  Anopheline 

*'/,»/flBj^/W«{«mj^yW'/V//V/^<i«^^^^ 

Fip.  368— tjRtjII.  KBhTINO  AITITl'DR  OF  "  AKOPHKlIJdW"  AND  "CHUriKBS." 
(Afttr  Manion.) 

and  Culicine  pupae,  but  the  resting  position  is  usually  not  quite  the  same, 
the  Culex  pupa  often  floating  with  the  head  higher  and  the  first  few 

segments  of  the  abdomen  more  nearly  vertical  than  in  the  pupae  of  Ano- 
phelines.  The  structure  of  the  spiracular  trumpets  is  also  rather  differ- 

ent in  the  various  species,  and  the  aperture  is  more  slit-like  in  Culex 
than  in  Anophelines.  When  the  adult  mosquito  is  ready  to  emerge,  the 
pupa  straightens  out  and  lies  flat  along  the  surface,  the  empty  skin 
forming  a  convenient  raft  for  the  mosquito  to  stand  on  while  its  wings 

and  body  dry  and  harden. 

The  habits  of  Indian  CulicidcB  are  various,  some  being  ' '  domestic  ' ' 
species  frequenting  houses,  while  others  are  found  only  in  jungle  and 
other  such  places.  Their  seasonal  diistribution  is  an  important  subject 
on  which  information  is  much  needed,  since  every  locality  appears  to 

have  a  more  or  less  well-marked  yearly  cycle  of  species,  different 
mosquitos  being  common  in  the  cold  weather,  hot  weather,  and  rains. 

The  reason  why  the  study  of  the  habits  of  CuUddce  is  so  important 

lies  of  course  in  the  great  discovery  that  it  is  through  their  bites  that 
Malaria  and  Filariasis,  with  some  other  diseases,  are  transmitted 

from  man  to  man.  Though  it  is  possible  that  other  factors  may  also  be 
of  importance  there  is  now  no  doubt  that  malaria,  the  zeal  curse  of 
India,  is  thus  transmitted.    Those  interested  in  the  question  of  the 
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influence  of  malaria  on  the  inhabitants  of  a  country  should  consult 

* '  Malaria  ' '  by  Jones,  Ross,  and  Ellett. 

^         «« 

Pip.  :«9-A. 
Tail  of  pup*  of  fkmalie  A7V0PHF.i.i.is. 

(Afl«r  Nultall  anil  Shiplfy.) 
B.  OK  MALB. 

The  malaria  infection  by  mosquito-bite  occurs  roughly  as  follows. 
Suppose  a  man  is  suffering  from  the  disease :  if  a  drop  of  his  blood  be 
examined  under  a  microscope,  there  may  be  found  floating  about  in  it  a 

number  of  minute  objects  called  "Crescents."  (Fig.  370.  C).  Now, 
suppose  a  mosquito  bites  him  :  it  will  suck  up  with  the  blood  some  of 
these  crescents  ;  these  will  be  swallowed  by  the  mosquito,  and  when  they 

reach  the  insect's  stomach  they  become  round  in  shape,  some  of  them 
producing  long  rapidly-moving  arms  or  filaments  from  their  surface. 
Of  these  round-shaped  bodies  the  ones  with  filaments  (Fig.  370.  M.), 
represent  males,  the  others  females.  Some  of  the  lashing  filaments 
break  off,  and  may  pierce  and  become  absorbed  in  one  of  the  female 

bodies  :  this  now  fertiUzed  female  body  imbeds  itself  in  <  he  muscles 

surrounding  the  mosquito's  stomach,  where  on  dissection  it  can  be  seen 
sticking  out  like  a  little  round  pimple.  There  now  develop  within  it  a 

vast  number  of  very  minute  spindle-shaped  "  sporozoites  ;  "  the  wall  of 
the  containing  female  cell  then  bursts,  and  these  sporozoites  are  liberated 
into  the  body  of  the  mosquito,  whereupon  they  make  their  way  to  the 

thorax  and  enter  the  salivary  glands.  If  now  the  mosquito  bites  any- 
one, saliva  will  be  injected  into  the  wound,   as  already  described,   and 
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with  this  saliva  will  pass  some  of  the  sporozoites,  which  will  thus  be 
introduced  into  the  blood  of  the  person  bitten.    Once  there,   they  enter 

settle  in  the  m<»qn'to-«  »ltvary  Kla>  d(.ho^^^ 
now  bite,  .omeone  ̂ ^*^'^}l'^'^'^^^^"^^^M'iha^  "me  purine  the  cycle  B. 

So^mlir^Lol'^^SS.nu'Sndb^rArby'-^^^^^  "O^lulSe.  to  go  
trough 

the  Mxual  cycle  in  its  body. 
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the  blood-corpuscles,  whose  interior  they  slowly  absorb,  and  when  full 

grown  they  either  break  up  again  to  form  a  fresh  lot  of  minute  bodies 

which  will  enter  a  fresh  lot  of  blood-corpuscles  (this  breaking  up  being 

the  cause  of  the  shivering  or  ' '  rigor  ' '  stage  of  the  disease),  or  else  they 
develop  into  crescents  which  float  about  free  in  the  blood :  these 

crescents  may  of  course  be  sucked  up  by  another  mosquito  and  the  cycle 
carried  through  again.  Thus  we  see  that  the  parasite  multiplies  in  two 
ways ;  sexually  in  the  mosquito,  and  asexually  (by  simply  splitting  up 
into  small  fragments)  in  our  blood. 

It  is  not  all  mosquitos  which  are  capable  of  harbouring  the  nralaria 

parasite  and  allowing  it  to  develop  in  their  stomachs,  but  only  some  of 

those  belonging  to  the  AnophelitKB.  Manson  ("Tropical  Diseases") 
enumerates  eleven  Indian  species  as  having  (up  to  1907)  been  shown  to 

be  probable  carriers  of  the  parasite,  and  these  belong  to  the  genera 

Myzomyia,  Pyretophorus,  Myzorhynchvs,  and  Nysaorhynchm,  all  of 

which  are  really  sub-genera  of  the  old  genus  "  Anopheles.^ ^  Myzomyia 
Rossii,  the  commonest  Indian  Anopheline,  but  not  a  malaria-carrier, 
is  figured  on  PL  LX,  fig.  i,  where  are  also  shown  two  other  mosquitos 

both  important  Culicines.  One  is  Stegomyia  fasciata,  which  with  8. 

sculeUarig  is  not  uncommon  in  India,  the  latter  species  being  abundant. 

S.  fasciata  is  the  recognised  transmitter  of  yellow  fever,  and  is 

suspected  with  regard  to  several  diseases,  while  Culex  fatigans  (PI.  LX, 
fig.  6)  is  the  commonest  Indian  brown  Culicine  mosquito,  and  is 

known  to  carry  the  parasite  which  causes  elephantiasis  {filariaaia)  so 
prevalent  in  Southern  India. 

It  is  clear  that  to  avoid  whenever  possible  the  bites  of  all  mosquitos 

is  a  sensible  and  obvious  precaution.  It  is  not  only  unpleasant  but 

stupid  to  sleep  without  a  mosquito-net  in  malarial  districts  where  mos- 

quitos a>'e  present.  A  net  with  a  hole  in  it  is  useless.  When  no  mos- 
quito-net is  available,  as  in  railway  carriages,  a  small  quantity  of  Citro- 

nella  (licmon-grass)  oil  rubbed  on  the  exposed  parts  of  the  body  is 
effective  for  four  or  five  hours  unless  the  user  is  perspiring  freely,  when 
it  more  quickly  loses  its  efficacy.  Turpentine  or  kerosene  ointment 
are  effective  but  unpleasant. 

For  destroying  mosquitos,  the  remedy  usually  advocated  is  the 
application  of   kero^ue  to  the  surface  of  the  water   in  which  tfaev 
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breed,  so  as  to  choke  the  traohese  of  the  larvae  and  so  suffocate  them. 
Indian  conditions  often  render  this  a  difficult  or  impo8Bibl<>  method  to 
carry  out,  and  the  stocking  of  all  suitable  waters  with  such  fish  as  will 
eat  the  larvae  (of  these  there  are  several  in  India)  has  been  recommended 

as  likely  to  be  beneficial.  In  j  ungle  districts  nothing  can  be  done  without 
clearing  and  draining.  The  value  of  quinine  is  well  known,  and  the 

screening  of  infected  persons  from  mosquitos  is  obviously  indicated  as  a 
preventive  measure  against  spreading  malaria.  The  mosquitos  found 
in  houses  are  mainly  nocturnal  in  their  habits,  and  may  often  be  seen  in 
the  early  morning  trooping  into  the  house  in  search  of  dark  corners 

where  they  can  shelter  themselves  from  the  light  until  evening.  Lefroy's 
mosquito-trap  takes  advantage  of  this  habit  by  providing  a 
conveiuent  dark  box  for  the  mosquitos  to  rest  in :  when  they  have  settled 
down  for  the  day  the  box  is  closed  and  a  few  drops  of  benzene  or 

chloroform  introduced  through  a  cork-hole  in  the  top.  The  dead  insects 
are  afterwards  removed  and  the  box  left  open  till  next  day. 

Much  has  been  written  on  the  subject  of  mosquitos  and  disease. 

The  student  is  referred  to  Manson's  "  Tropical  Diseases,"  Blanchard's 
"  Les  Moustiques,"  Stephens  and  Christophers  '  "  Practical  Study  of 

Malaria,"  Daniel's  "  Laboratory  Studies,"  and  Oiles'  "Mosquitoes" 
(2nd  Ed.).  For  the  distinction  of  species  James  and  Listen's 

"  Anopheles  of  India  "  and  Theobald's  "  Monograph  of  the  Culicidse" 
and  Genera  Insectorum  "  Culicidae."  The  Journal  of  the  Bombay 

Nat.  Hist.  Society  and  the  "  Journal  of  Hygiene"  (articles  by  Liston 
and  others,  and  by  Nuttall  and  Shipley,  Rogers,  Imms  and  others) 

should  be  consulted,  as  well  as  the  large  medical  literature.  The  direct 

identification  of  the  species  will  sometimes  be  found  easier  than  the  ordi- 

nary method  of  determining  the  genus  first  and  the  species  afterwards, 

since  the  genera  of  Culicidce  are  frequently  established  on  minute  scale 
characters  which  are  sometimes  more  difficult  to  see  than  the  characters 

which  separate  the  species. 

The  two  main  Indian  sub-families  AnopheUnce  and  CiMcina,  the 

latter  including  Culex  and  Stegomyia  as  chief  genera  (Stegomyiaa  are 

generally  recognizable  by  their  being  coloured  black  with  silver  lines 

and  spots  and  by  the  characteristic  feel  of  their  bite),  have  the  meta- 

notum  without  hairs  or  scales.  The  male  palpi  are  long  in  both  groupB, 

the  female  palpi  long  in  Awyphdina,  short  in  CuUdna. 
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I  include  a  list  of  Theobald's  genera  now  known  to  me  as  Indian, 
with  the  species  in  each.  The  genera  down  to  and  including  Aldrichia 

represent  the  ̂ ^  Anopheles"  of  James  and  Liston :  Corethra  is  an 
aberrant  genus  with  no  scales  on  the  wings,  a  short  proboscis  and  a 

remarkable  transparent  aquatic  larva  (see  Miall's  "  Aquatic  Insects"). 
It  is  often  separated  as  a  distinct  family  CorethridcB. 

Anopheles  aitkenii,  J.  &  Th.        | 
immaculatus,  Th.  i 

gigasi,  Giles. 
linisayii,  Giles. 

Myzomyia  culicifaciejs,  Giles. 
Christopher  si,  Th. 
Turkhudi,  Liston. 
leptomeres  Th. 
Rossii,  Giles. 

Stethomyia  culiciformis,  J.  &  L. 
Pyretophorus  jeyporensis,  James. 

„        nigrofasdatus,  Th. 
Nursei,  Th. 

„         ehgans,  James. 
Myzorhynchus  nigerrimus,  Giles. 

barUrostria,  V.  D.  W . 
minntus,  Th. 
vanus.  Wlk. 
alhotcmiatus,  Th. 

Nyssorhynchus  Stepfiensi,  Liston. 
Theobaldi,  Giles. 
Indiensis,  Th. 
Willmori,  James. 
Karwari,  James. 
Jameaii,  Th. 
maculaius,  Th. 
fuliginqsus, Giles. 

Cellia  puhherrima,  Th. 
„     dlbimana,  Wied. 

Neocdlia  Dudgeonii,  Th. 
„       intermedia,  Rothwell. 
„       indica,  Th. 

Aldrichia  error,  Th. 
Toxorhynohites  immisericor8,y^k. 
Mucidus  scatophagoidea,  Th. 
Desvoidea  dbtwbans ,  Wlk. 
„  „        var.  fusca,  Th. 
„       panaleetroa,  Giles. 

Stegimyia  fascitOa,  Fabr. 

Stegomyia  faseiata    var.   mosquito, 
R.D. 

scuteUaris,  Wlk 

pipersalata,  Giles. 
periskelata,  Giles. 
tripundata,  Th. 
Thomsoni,  Th. 
Assamensis,  Th. 
Tr-oZ6a,  Th. 
albolateralis,  Th. 

„        (?  microptera)  Giles. 
Leicesteria  aptcalis,  Th. 
Hulecceteomyia  pseudotceniata,  Giles. 
Phagomyia  gvbernatoris,  Giles. 
Neomacleaya  indica,  Th. 
Lepidotomyia  magna,  Th. 
Reedomyia  niveoscutata,  Th. 
Pecomyia  maculata,  Th. 
Pseudotheobaldia  niveitarsis,  Th. 

„  Mwettflwiifflta,  Th. 
Thedbaldia  spathipalpis.  Bond. 
Theobaldia  anntdata,  Schrank. 
Orabhamia  ochracea,  Th. 
Culicada  minwta,  Th. 
CwZea;  mime«toM»,  Noe. 

mi&roannuZo^tM,  Th. 
Vishnm,  Th. 

mpeZfen«,  Wlk. 
mmmtw,  Th. 
wridiventer,  Giles. 
jtwfcAre»cwfer,  Giles. 
nigripes,  Zett. 
oonootor,  R.  D. 

fatigans,  Wied. 
fwrcanua,  Wied. 
sitiefM,  Wied. 

an^{ai!«M,  Giles. 
timMformis,  Th. 
wtoUneatus,  Giles. 
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Skmea  mediofaaciata,  Th. 
Aides  nigrescens,  Th. 
Aedeomyia  aquamivenna,  Arrib. 
Anisocheleomyia  amanmihUa,  Th. 
Ficalbia  minima,  Th. 
Mimamyia  minuta,  Th. 
Bankaiella  luteolateralis,  Th. 
Chrysoconops  brevicellulvs,  Th. 
Bremrhywkus  magnm,  Th. 
Radiocukx  clavipaljms,  Th. 
Corethra  asialica,  Giles 

Culexbiroi,  Th. 
pcdlidotkorax,  Th. 
pallidostriatus,  Th. 
trimaculatus,  Th. 
christophersi,  Th. 
albopicta,  Th. 

LeuDomyia  gelida,  Th. 
TcBtiiorhynchus  pygmcBUs,  Th. 

„  ogrer,  Th. 
tenaa;,  Th. 

Jfonsoma  uniformis,  Th. 
Mamonioides  annulifera,  Th. 

We  may  class  these  genera  under  four  main  Hub-families  as  shown 
below.  For  further  details  and  generic  characters  the  student  is  referred 

to  Theobald's  Monograph. 
A.  With  long  proboscis  and  scaly  wings. 

(a)  Larvee  without  siphon.    Palpi  long  in  both 
sexes  . .  . .  . .    AnophelitKB. 

{b)  Larvae  with  siphon. 
1.  Proboscis  much  curved.    Very  large 

species  . .  . .    Toxorhynchinw. 
(One  Indian  genus,  Toxorhynchiies.) 

2.  Proboscis  straight  or  very  little  curved. 

Palpi  short  in  both  sexes  Aedince. 
(includes  Indian  genera 

Aides,  AHeomyia,  Mimo- 
myia,    Anisocheleomyia, 
Ficalbia.) 

Palpi  short  in  the  female,  long  in 
the  male  . .  . .    CididncB. 

B.  With  short  proboscis  and  hairy  wings  . .    Corethrince, 

Fig.  371— Lahva  or  eoBETHB/k  K  8. 
{A/Ur  Mrintrt,} 
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DlXIDiK. 

Flies  having  the  general  appearance  of  Mogquitos,  hut  with 

different  venation    (PI.  LIX). 

As  in  the  case  of  the  SimuMida  and  Orphnephilidce.  the  members  of 

this  family  are  very  widely  distributed,  but  all  belong  to  one  genus,  in 
this  case  Dixa.  They  may  be  regarded  as  forming  a  connecting  link 

between  the  Mosquitos  (Culicids)  and  the  Daddy-long-legs  (TipuUds). 
The  larvae  live  in  still  or  running  water.  They  are  of  ho  economic 

importance.  None  are  as  yet  recorded  from  India,  but  we  have 

found  larvse  in  a  hill-stream  at  Simla  in  company  with  Simuliid 
larvee. 

Br.KPH^RuC'KKIK^. 

SmaV  gnat-liJce  bare  flies,  the  wings  often  iridescent  with  a  secondary  set 
of  creases  in  addition  to  the  ordinary  venation  which  is  variaUe. 

There  is  no  discal  cell.  The  eyes  usually  separate  and  divided  into 

two  distinct  halves,  upper  arid  lower. 

These  curious  little  flies  are  found  in  hilly  or  mountainous  regions, 
since  here  alone  are  found  the  swift  dear  streams  in  which  the  larvse  and 

pupae  live.  The  eggs  are  unknown.  The 
larvse  are  remarkably  adapted  to  life  in 
shallow  quick  running  water,  being  much 
flattened  and  provided  with  suckers, 
which  enable  them  to  cling  Uke  limpets  to 
rocks  and  stones  over  which  the  water 

flows.  The  pupse,  of  a  shape  similar  to 
that  of  the  larvse,  are  also  as  a  rule 

entirely  submerged,  and  here  we  see  the 
reason  for  the  curious  creasing  of  the 

adult  fly's  wings.  The  fly  emerges  from 
the  pupa  under  water  ;  anch^sed  to  the 

pupa  skin  by  its  long  hind  legs  it 
reaches  up  until  its  body  is  at  the  surface, 
and  then  after  a  second  or  two  in 

this   dangerous  position   it  spreads  its  wings  and  flies  away. 

V\U,  872— A  BAAZIUAM  UXPHA- 
ROOKBID  LABVA  Uma  MUL- 
I.BK)  XKLABGKO. 

In 
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most  other  flies  the  wings  when  first  drawn  out  of  the  pupa  skin  are  small 

and  flabby,  and  have  to  be  "  pumped  up  ' '  like  a  bicycle  tyre  before 
they  are  fit  for  flight,  but 

with  the  Blepharocerids  the 

wings,  owing  to  their  being 
folded  in  the  pupa,  are  ready 

for  instant  use  when  with- 

drawn, thus  saving  the  fly 

from  being  washed  away  help- 

Pig.  373— WiNO  AKI>  ANTENNA  OF  RAMMA-  '^^  '"  **^^  StrCam. TOnRINA  BELLA.     ORYLON. 
{Aft»r  KfVogfi.)  The    division  of    the   eyes 

is  a  marked  feature,  and 

results  in  a  type  of  eye  curiously  like  that  found  in  some  male 

May-flies.  Owing  to  lack  of  knowledge  of  the  habits  of  the 

flies  the  use  of  these  pecu- 
liar eyes  is  uncertain.  The 

females  are  thought  to  be 

predaceous,  and  the  males  pro- 
bably suck  honey  from  flowers, 

but  of  no  species  is  the  full  life- 
history  known.  The  family 

is  fully  treated  of  in  Genera 

Insectorum  (Fasc.  56)  by 

Kellogg,  and  we  have  copied 

his  figure  of  the  wing  and  male 
antenna  of  Hammatorhina 

bella,  the  only  species  hitherto 
recorded  from  Asia  (Ceylon). 

Though  owing  to  the  larval 
habits  it  is  unlikely  that  the 

flies  occur  in  the  plains  of  India, 

there  is  no  reason  why  a  careful  search  in  any  part  of  the  hills  where 

there  are  waterfalls  should  not  reveal  several  new  species  of  these 

rare  and  curious  little  insects  ;  I  have  ahready  taken  one  male  (genus 

Ajnstomyia)  sucking  the  flowers  of  ComjiotitCB  at  Simla,  and  a 

female  of  a  different  species  in  the  grass  bordering  a  little  mountain 
torrent. 

Ill,  37 

Fijt.  874— A  BLBPHABOOBIUD,    BiKLA.   X  3. 
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TiPULID.B. 

"  Daddy  long-legs  "  or  Ctane-fies.  Often  large  thin  flies  with  long  fragile 
legs.  There  is  nearly  always  a  V-shaped  groove  on  the  rounded  thorax, 
and  a  discal  cell  jyresent.  The  costal  win  goes  all  round  the  wing. 

Antennce  6 — 19,  falfi  4-5  joints. 

The  Crane-flies  vary  in  size  from  that  of  a  small  mosquito  to  flies 

having  a  wing-spread  of  3-4  inches.  As  a  rule  they  may  be  easily 
recognised  by  the  V-shaped  thoracic  suture,  and  by  their  legs  breaking 

off  when  they  are  caught,  the  latter  peculiarity  making  it  rather  diffi- 
cult to  get  perfect  specimens.  As  is  shown  in  the  figure,  the  venation 

is  complete,  i.e.,  it  has  suffered  but  little  of  that  coalescence  and  reduction 
in  the  number  of  veins  which  is  met  with  in  some  of  the  more 

specialized  families  such  as  the  Cecidomyiids  or  the  Muscids  {e.g.,  the 

House-fly). 

This  is  one  of  the  reasons  why  these  flies  (especially  that  section  of 

them  called  LimnMince,  some  of  whose  larvae  are  caterpillar-like  in 

appearance  and  habits)  are  often  considered  to  be  among  the  most  old- 
fashioned  and  conservative  of  Diptera,  departing  comparatively  little 
from  the  primitive  type.  They  are  frequently  found  in  amber,  together 
with  other  flies  of  which  the  great  majority  belong  to  the  division 

Nomocera.  As  a  rule  the  Tipuhds  are  dull  brown,  blackish  or  yellowish 

in  colour,  and  one  or  two  European  species  are  wingless. 

The  sexes  are  very  easily  distinguished,  the  male  having  the  tip  of 

the  abdomen  bluntly  swollen  and  provided  with  a  complex  armament 

of  claspers,  while  the  horny  sheath  of  the  female  ovipositor  is  long  and 

tapering.  ' 

The  eggs  are  generally  cylindrical,  sometimes  a  little  tapering  at 

the  ends,  and  dark  in  colour.  The  females  may  sometimes  be  seen  at 
dusk  in  damp  grassy  places  flying  up  and  down  among  the  grass  in  a 
curiously  crazy  and  aimless  fashion.  If  they  are  carefully  watched,  how- 

ever, it  will  be  seen  that  every  now  and  then,  when  the  long  sharp 
ovipositor  comes  in  contact  with  the  ground,  an  egg  is  deposited  ;  what 
looked  like  weakness  of  intellect  turns  out  to  be  part  of  the  most 

important  act  in  the  insect's  life.  The  larvae  live  as  a  rule  in  damp 
surroundings,  in  wet  earth,  under  bark,  or  in  putrid  water,  and  some 
possess  long  tubes    from  the  tail-end  so  that  they  can   breathe    while 
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feeding  under  water.  The  more  usual  type  of  tail  is  blunt,  with  the 
openings  (spiracles)  of  the  tracheae  surrounded  by  a  ring  of  stumpy 
processes.  They  feed  usually  on  decajdng  vegetable  stufi,  and  are  very 
often  found  in  the  mess  which  accumulates  in  hollow  trees.  The  pups? 

look  not  unlike  those  of  Butterflies  or  Moths.  They  have  the  legs 
straight,  and  have  breathing  horns  or  tubes  at  the  front  end,  and 

usually  bristles  or  spines  on  the  abdomen,  which  enable  the  pupa 

to  work  its  way  free  when  the  insect  is  about  to  emerge.  They  are  found 

in  or  near  the  place  where  the  larva-  lived,  in  mud,  sand,  eaith,  or 
decaying  leaf-mould. 

In  Europe  the  larvae  of  Tipulids  often  cause  great  damage  to 

grass  lands,  living  just  under  the  surface  and  eating  the  roots  of  the  grass. 
Enough  is  not  yet  known  of  the  Indian  forms,  however,  to  say  whether 

or  not  they  are  of  economic  importance  in  this  or  any  other  respect, 
though  it  is  unUkely  that  in  the  dry  conditions  of  the  plains  they 

occur  in  sufficient  numbers  to  do  much  damage,  except  possibly 

on  large  grass  lawns  kept  well  watered  throughout  the  year. 
They  are  not  very  common  in  the  dry  plains,  but  abound  in  the  moister 

country  of  the  hills.  PI.  IjX,  fig.  1,  represents  a  strikingly-coloured 
species  apparently  widely  spread  over  India. 

More  than  a  thousand  species  are  known,  but  only  twenty-six  have 
till  lately  been  recorded  from  India,  nearly  all  of  them  from  the  hills. 

Van  der  Wulp  lists  16,  and  the  remaining  10  were  described  by  De 
Meijere.  Brunetti  has,  however,  recently  described  a  number  of  addi- 

tional species  (Indian  Museum  Records),  No  habits  or  life-histories 
seem  to  have  been  studied  at  all.  The  three  main  divisions  of  the 

family  are  as  follows  : — 

A.    Distinct  V-shaped  suture  on  the  thorax. 

1.  Last    joint    of    palpi    shorter    or    very    little    longer     than 
combined    length    of    preceding      joints.     Antennae 

6 — 16  joints   LimnobiincB. 

2.  Last    joint    much    longer    than    this.    Antennae    not     more 
than    13    joints   Tiptditue. 

B.    No  distinct  V-mark  on  the  thorax   Ptychoptmna. 
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OEOIDOMYUDiK. 

Mmvie  delicate  flies.  ArttenncB  long,  generally  with  whorls  of  hair  on 

the  joints,  especially  in  the  male.  Legs  long  and  slender  ;  tiUce  without 

spurs  ;  coxoB  not  elongated.  W'ings  broad,  raiher  hairy,  with  veins  jew 
and  weak  ;  the  media  usually  absent. 

These  minute  flies,  though  very  inconspicuous  in  the  adult  condi- 

tion, sometimes  make  their  presence  severely  felt  while  in  their  imma- 

ture stages  from  the  damage  they  inflict  on  various  crops  in  America 

and  Europe.  The  most  widely  known  of  these  pests  is  probably  the 

"  Hessian  fly,  "  a  destructive  enemy  of  wheat  in  Europe,  America,  and 
New  Zealand. 

The  larva  of  this  fly  {Cendomyia  destructor,  Say)  lives  between  the 

leaf  and  the  stem  of  the  wheat  plant  which  becomes  so  enfeebled  by  the 
attack  that  it  bends  over, 

and  gives  practically  no  seed. 
When  full  grown  the  animal 

before  becoming  a  pupa  exudes 
a  substance  which  stiffens  into 

an   outer   covering,   giving  it  ^^^' ^^^~uftl^ OoJ^^T^"^'' 
rather   the    appearance    of  a 

flaxseed,  this  resting  stage  being  hence  often  called  the  "  flax-se«(^  ,, 

stage."  As  a  general  rule  preventive  measures  are  difficult,  as  i^i^^^i 
depend  on  destroying  as  far  as  possible,  by  hand-picking  the  a£feC!l»d: 
plants  containing  pupae,  the  first  brood  of  the  flies,  which  necessitates  early 
recognition  of  the  attack,  Under  natural  conditions  the  flies  appear 

to  be  kept  in  check  by  hymenopterous  parasites,  and  probably  do 
serious  damage  only  when  these  parasites  are  from  some  cause 
rendered  inefficient. 

Besides  those  forms  whose  larvae  live  in  the  above  manner  there  are 

very  many  others  which  lay  their  eggs  in  various  other  parts  of  plants. 
The  presence  of  the  egg  or  laiva,  or  the  injection  of  some  irritating  fluid, 
results  in  a  kind  of  local  inflammation  which  produces  a  gall  on  the  plant 

and  in  this  gall  the  larva  developes.  To  facilitate  the  laying  of  the  eggs 

in  the  proper  place  the  ovipositor  in  some  species  is  very  much  elongated. 

The  larv«  of  Cecidomyiids  are  somewhat  carious ;  they  are  small- 
beaded  maggots  often  red  or  pink,  tapering  slightly  at  both  ends,  with 
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one  segment  more  than  is  usual  in  dipterous  larvef  (i.e.,  14  instead  of  13 

including  the  head)  and  have  a  little  horny  hook  (the  ' '  anchor-process  ' ' ) 
on  the  under  side  of  the  front  part  of  the  body,  possibly  used  for  changing 
the  position  of  the  larva  or  for  breaking  up  the  substance  of  the  gall  to 

prepare  it  for  eating.  In  addition  to  this,  some  of  these  larva>  {Miastor) 
have  the  extraordinary  power  of  producing  young  ones  in  flheir 
interior,  and  that  not  by  means  of  the  development  of  testes  and 

ovaries  and  subsequent  fertilisation,  but  by  simple  growth,  a  kind  of 

"  vegetative  reproduction."  These  young  larvae  eat  their  way  out 
of  the  parent-larva's  body,  and  either  pupate  in  the  ordinary  way  or 
themselves   produce  another  generation  after  the  same  fashion. 

The  pup«p  of  ( Vcidomyiids  may  be  either  free  or  enclosed  in  cocoons. 
As  regards  the  exact  method  whereby  these  cocoons  are  constructed 

there  is  much  uncer- 
tainty ;  some  are  spun 

in  the  usual  way,  but 

others  appear  to  come 
into  being  without 
exertion  on  the  part 
of  the  larva,  which 

seems  to  remain  quies- 
cent while  the  cocoon 

grows  round  it.  It  is 
supposed  that  some 

linit  almost  process  of  sublimation 

takes  place  (c/.  p.  580). 

The  pupae  look  very  much  like  those  of  minute  Lepidoptera,  with 

the  legs  straight  and  free  from  the  body  at  the  ends.  We  figure  a  species 
found  in  galls  on  a  wild  plant  at  Pusa  (fig.  2,  Pl.  LX),  and  the  same  pupa 
attacked  by  the  larva  of  one  of  the  hymenopterous  parasites  to  whose 
attacks  the  members  of  this  family  seem  particularly  liable  (fig.  376). 

In  Europe  and  America  these  flies  have  been  a  good  deal  studied, 
and  something  like  a  thousand  species  described,  but  in  India  two 

species  only  have  been  recorded  ;  one  of  them  which  attacks  rice  after 

the  manner  of  the  Hessian  fly,  was  described  by  Wood-Mason  under  the 
name  of  Ceddomyia  oryzce,  from  Bengal,  but  since  his  time  nothing  seeiiiB 

Fig.  376— The  lower  flKure  shown  a  hymenopterous  para- 
iiitic  grub  at  the  betrinning  of  its  attack  on  a  CeoidO' 
myiid  pupa.  The  upper  flKure  ghows  the  great  growth 
of  the  grul)  after  two  days,  the  pupa 
entirely  ooniumed. 
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Anotlxer  spcues,  Oltgotrophiw    saligix  as    ̂ fig.  377),   bas  been  iound 

on  Witiow,  and  one  has  been  bred  at  Pusa  from  the  spores  of  wheat-rust. 

E^.  877— OUOOmOFBCB  BAUONIUB.  BlLOW  IB  THB  OAUL  WIIH  rVVK- 
aUMBFBOTKtrMHCI.  le.  IKPHHIIITB  THR  MALI  iimiMMA,  U,  THB 
MALI  OLASHNO  OBCtARB,  1/.  THB  OVmWEIOB.    [I.  M.  V,] 
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There  certainly  exist  a  very  great  number  of  Indian  species  as  yet 
undescribed.  The  flies  are  common  in  the  plains  and  extremely 
abundant  in  the  hills. 

The  family  is  separated  into  two  groups,  the  LaitremmcB,  with  h 
media,  and  the  GecidomyiinoB,  without  a  media. 

Mycetophiuu.* 

Fungus-gnals.    Mostly  small  fixes  wUh  elongated  coxee.    AntenncB  long, 
generally  wUfwtU  whorls  of  hair.    Tim  or  three  ocelli  present.    Ei/es 
separate    m   both    sexes.    AU   the   ttbice  with  spurs.    Male  genitalia 
easily  seen. 

These  delicate  and  slender  flies  can  generally   be  easily  recognised  by 
the  above  characters.    They  might  perhaps  be  occasionally  confounded 

with  Bibionids  (as  their  colour  is  sometimes  black 

and  orange)  or  with  Tipulids  or  Cecidomyiids, 
but  the  long  antennae  and  coxae,  with  the  vena- 

tion, are  sufficiently  characteristic. 

As  to  the  venation,  the  costa  extends  as  far  as 

the  last  branch  of  the  radius  (which  may  be  3 

or  2  branched),  the  sub-costa  may  be  very  small 
or  well  developed,  the  media  and  cubitus  are  2 

Fig.  378— Mycbtophiud    branched,  while  the  anal  varies  in  length.    There 
(8CIARA)  MCHSoowK.   K  2.    j^  considerable  variation    in  the  arrangement 

of  the  veins  in  the  neighbourhood  of  the  radio-medial  cross-vein,  and  this 
variation  supplies  useful  characters  for  purposes  of  classification. 

These  flies  require  for  their  development  damp  surroundings,  and 

hence  are  much  more  abundant  in  the  hills  than  in  the  plains.  They 

sometimes  indulge  in  dances,  generally  about  low  slirubs  or  near  their 

breeding-places.  The  prominent  genital  forceps  of  the  males  (fig.  378) 

renders  the  distinction  of  sexes  easy,  for  the  female  has  the  abdomen 

pointed,  with  two  very  small  terminal  processes. 

The  eggs  are  often  extruded  in  little  chains  of  a  dozen  or  so  at  a  time. 

They  are  laid  in  fungi,  dead  damp  wood,  dung,  decaying  leaves  and  rinu- 
lar  substances.  The  larv»  have  a  shiny  look,  and  ate  generally  rather 

teansparent,  so  that  the  longitudinal  taracheal  tubes  show  plainly  through 

the  skin.  They  are  smooth  and  round,  with  aa  a  rule  a  few  small  brnties 

on  the  under  aide.    There  are  9  pairs  of  spiraoleB,  on  Begments  Land  4-11 
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with  none  on  the  last  segment.    The  head  is  quite  distinctly  separate 

from  the  body,  and  is  horny,  with  a  pair  of  strong  flat  jaws.    Many  of 

Fig.  370— Laevaof  mvoetophila  anoyliformanb 
(AVTSR  HOLMOBEN)  MUCH  KKLARQEL). 

the  larvffi  secrete  a  slimy  silky  substance  with  which  they  spin  a  kind 
of  web  0  v^er  their  food  and  subsequently  a  cocoon  within  which  they 
pupate.  Their  habits  are  often  very  curious  and  interesting  ;  for  instance, 
the  gregariousness  of  the  larvae  of  some  of  the  Sciarinse,  which  travel 

about  stuck  together  with  slime  in  large  snake-like  masses  sometimes 
three  or  four  yards  long ;  the  extraordinary  form  of  Mycetophila 

ancyhformans  which  looks  exactly  like  a  small  Mollusc,  the  shell  being 

represented  by  a  spirally-marked  case  of  excrement  which  is  carried 
on  the  back  (fig.  379),  and  the  strong  luminosity  recorded  as  being 
exhibited  by  a  New  Zealand  Bolitophila  {B.  Ivminosa).  The  pupse  are 
as  a  rule  smooth,  without  points,  spines,  or  bristles,  and  not  enclosed  in  the 
larval  skin  ;they  are  generally  protected  by  a  cocoon,  which  is,  however, 
often  very  slight  and  delicate.  On  emergence  the  abdomen  of  the  fly, 
more  especially  of  the  female,  is  often  noticeably  long  and  large,  and 
takes  some  time  to  shrink  to  iti  normal  size,  this  telescopic  extension 
of  the  posterior  abdominal  segments  being  also  very  obvious  during 

oviposition.  The  whole  life-history  occupies  as  a  rule  about  three 
weeks  or  a  month  in  temperate  climates. 

The  larvae  are  essentially  scavengers,  apart  from  this  being  of   little 
iibportance  economioaUy,  and  tkouglx  in  Europe  they  sometimea  attack 



MYCETOFHIUDiG.  585 

stoied  potatoes  and  apples,  this  is  probably  only  in  cases  where  the  apples 

or  potatoes  are  already  bruised  or  slightly  decayed.  Mushroom-growers 
have  sometimes  suffered  heavy  loss  from  their  attacks. 

About  a  thousand  species  of  Mycetophilidw  are  known,  distributed 
all  over  the  world.  From  India  Van  der  Wulp  records  only  four  species, 

belonging  to  the  genera  Sciara,  Mycetofhila  and  Plaiyura,  but  there 

are  in  reality  a  very  large  number,  more  especially  in  the  hills,  where 
the  flies  are  extraordinarily  abundant,  the  conditions  found  there 
being  exactly  suitable  for  the  larvse.  A  Sciara  has  been  reared  at 

Pusa  from  mushrooms,  and  members  of  this  sub-family  (Sdarincn)  are 
extremely  common  atMussoorie  and  Simla,  (fig.  378)  where  we  have  also 

found  representatives  of  the  sub-family  MaorocerincB  rather  common 
at  light,  these  latter  being  conspicuous  by  reason  of  their  unusually 
long  antennee. 

The  family  has  been  monographed  by  Winnertz  (Verhand.  Zool. 
Bot.  Ges.  1863)  and  most  of  what  is  known  of  the  larvse  will  be  found  in 

a  paper  by  Osten  Sacken  (1886),  reprinted  from  Proc.  Ent.  Soc,  Phila- 

delphia, 1862,  on  "  The  characters  of  the  larvae  of  Mycetophilidse." 
The  determination  of  species  is  often  rather  difficult,  as  the  specific 

characters  are  frequently  minute  and  require  very  careful  discrimination. 

The  genera  and  sub-families  are  mostly  distinguished  by  differences  in 
the  venation,  which  shows  considerable  variation  in  the  family.  The 

following  table  of  sub-families  is  modified  from  Williston.  (The  Sciarina 
are  now  sometimes  separated  as  a  distinct  family  and  called  Seiaridon). 

1.  Coxffi  moderately  long  Cross-vein  looking  like    ..    SoiarinoB, 
part  of  R, ;  cubitus  forked  near  base  of  wing. 

Cox8B  very ;  long  Cross- vein  not  in  same  line  as  B,         2 
2.  Media  arising  near  base  of  wing.  Anal  more  or  less 

incomplete.    . .  . .  . .  . .  3 
Media  arising  near  middle  of  wing ;  Anal  complete  4 

3.  R,  branched,  the  branch   generally    looking  like 
an  extra  Cross- vein  between  B.  R,  and  R, ;  3 
ocelli  present  . .  . .  . .  SciophiUtKB. 

R„  not  branched,  2  or  3  ocelli  . .  . .  MycdojMUncB^ 
4.  R,  reachng  the  costa,  and  arising  from  R,  at  or 

near  the  Cross  vein        . .  . .  . .  MycetdbimcB. 

R,  generally  short  and  transverse,  ending  in  R,  5 
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5.  Media  not  coalescing  at  any'point  with  R,  or  R,. 
Cross  vein  present  . .  . .  . .  Bolitophilinw. 

Mi'dia  coalescing  for  some  distance  with  R,  or  R, . 
Cross-vein  absent. 

Antenna)  very  long  . .  . .  ,  .  Macrocerinm. 

Antennas  short  and  flat      . .  .  .  . .  Ceroplatinw. 

BiBiomDM. 

Medium  mzed  lu/ly-lookiny  flies.  Antenna  with  9-12  rather  thick  'jvints 
doselif  pressed  together.  Ocelli  present.  Front  femora  rather  thick, 

front  tibicB  generally  spined.  Eyes  of  male  close  together  or  touching. 
Anterior  veins  thicker  than  the  others.  Wings  often  dark  or  with  dark 

spots. 

These  flies  are  easily  recognised  by  their  sluggish  movements 

(though  they  have  large  wings),  and  by  their  colour  being  almost  always 

either  black  or  orange-red.  In  many  species  the  male  is  black  while  the 
female  is  partly  orange,  as  is  also  the  case  with  some  Mycetophilids 

(Sciarinw).  Their  lazy  habits  and  conspicuous  colour-scheme  suggest 
that  the  orange  and  black  might  represent  in  this  case,  as  apparently  in 

others,  the  "  warning  colours  "  of  the  distasteful  and  dangerous  members 
of  insect  society,  but  no  observations  confirming  this  supposition 

appear  to  exist. 

The  wings  have  conspicuous  alulaj.  The  sub-costa  is  generally  rudi- 

mentary  and  the  radius  is  often  only  two-branched.  The  flies  might 
perhaps  be  confused  with  MycetophilidcB,  since  some  of  the  latter  are  also 

black  and  orange,  possess  ocelli,  and  have  often  dark-coloured  wings 
whose  venation  is  not  unlike  that  of  a  Bibionid.  The  two  can  be  easily 

distinguished  by  looking  at  the  antennse  and  the  coxbb  of  the  legs, 

both  of  whicli  are  much  longer  in  Mycetophilids  than  in  Bibionids. 

The  eyes  in  BiMo  are  divided  (in  the  male  flies)  into  two  distinct 

upper  and  lower  halves,  separated  by  a  narrow  band.  More  or  less  well 
marked  differences  in  the  structure  of  different  parts  of  the  eye,  usually  in 

the  size  of  the  facets,  occur  in  othw  flies.  (Cf.  Blepharocerids,  Simuliids, 

Tabanids,  Dolichopodids,  Pipunculids.)  Since,  owing  to  the  internal 

arrangements  of  facetted  eyes,  clearness  of  vision  increases  with  the 

number  of  facets  in  the  parts  of  the  eye  employed,  we  may  suppose  the 

sparsely-facetted  areas  to  be  used  merely  for  the  perception  of  com- 
paratively gross   differences  of  light  and   shadow  and  of   the  motion 
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of  large  objects,  while  the  closely  facetted  parts  are  of  use  in  cases  where 
more  accurate  discrimination  is  wanted  for  nearer  objects.    The  larva 

are  grub-like,  and  have  a  horny  head 

and  jaws.  They  feed  mostly  on  decay- 
ing matter,  being  often  found  in 

numbers  in  the  farmyard  manure  ap- 

plied to  fields,  but  they  also  sometimes 

affect  a  diet  of  fresh  vegetables  and 

occasionally  do  damage  in  Europe  by 

eating  the  roots  of  grasses.    The  pupa? 

FiK.  380-FKMALE  BIB.ON,..  "«  e^"^™"^  ̂ ^  ̂""^  ««™«    '"«»»>"  •'^- (PLEuiA)  X  2.  side  the  old  larval  skin,  through  which 

project   two  branched  tubes  for  brea- 
thing.   The  family  numbers  about  three  hundred  species  from  all  partH 

of  the  world.    The  known  Indian  species  belong  to  three  genera,  name- 

ly Bibio,  Phcia,  and  Dilophus.    We  have  reared  also  of  a  species  AsjnsteH 

from  rotting  roots  of  ginger.    These  genera  are  distinguished  as  follows  : 

2nd  basal  cell  absent,  antennae  with  12  joints  . . .     Aspistes. 
2nd  basal  cell  present, 

Radius  2-branohed,  front  tibiae  spineless  . . .    Plecia 
Radius  2-branched,  front  tibiae  with  a  spine-like  process 

at  the  tip  ...  ...  ...     Bibio 

Radius  2-branched,  front  tibiae  with  a  circlet  of  spines.     Dilophus. 
iilMULllDM. 

Small  fal  flies.  Antenna  rather  short  and  tapering,  with  10  joints  close 

together.  Eyes  touching  in  the  male.  No  ocelli.  Thorax  humped. 

Wings  broad,  with  only  the  anterior  veins  well-developed.  Legs  rather 
stout,  tibicB  not  spurred. 

There  is  only  one  genus  (Simidium)  in  this  family,  but  this  contains 

from  fifty  to  a  hundred  known  species  which  are  widely  distributed.  In 

India  they  are  most  generally  known  as  "  Potu  "  or  "  Pipsa.  "  In 
Europe  and  America  they  sometimes  occur  in  vast  numbers  and  do  great 

damage  to  Uve-stock.  The  females  suck  blood,  and  their  attacks  not 

infrequently  result  in  the  death  of  the  victim,  whose  eyes,  nose,  and  ears 

are  the  points  to  which  the  pest  mainly  directs  its  attention.  The  bite 

leaves  a  small  purple  spot  like  a  blood -blister,  and  may  cause  consider- 
able irritation.    In  America  one  species  (iS.  pecuMtum)  has  caused  much 





PLATE  LXI. — SiMUUii).*:  and  Stkatiomyhdjc. 

Fig    1 .     Simuliztm  sp.  (Simuliidie).    .  x  8. 

••      la  ̂  
, .   1^  Larva  and  pupa,  the  latter  lying  in  its  open  oocoon.     x  8. 

„     2.     Clitellaria  heirnnopla,  Wd.  (Stratiouiyiidte).  x  3. 
2a.  Larva,     x  3. 

3  Sargus  metattinng  ,,  x  3. 

4  I'lecticua  aurifur                                 ,,  x  3. 
5.     Pachyijaatet  sp.                                   >■  ^  3. 



588  ''  Dll-TBEA. 

loss  among  mules,  horses,  cattle,  sheep,  hens,  turkeys,  pigs,  dogs,  and 

oats.  Smoke  or  Kerosene  are  preventives.  The  larvae  of  all  the  known 

species  appear  to  live  in  quickly  running  water,  which  explains  the 

general  absence  of  Sirauliids  from  the  plains.  LarvsD  have,  however, 

been  observed  in  quite  a  slow  stream  near  Igatpuri,  while  two  adult  flie.s 

have  been  taken  during  the  hot  weather  at  Pusa,  though  no  larvee 

have  been  discovered  in  the  rather  sluggish  river  which  is  the  only 

running  water  there.  The  nearest  rapid  stream  is  probably  at  least  fifty 

miles  away.  The  larvae  are  curiously  adapted  for  their  mode  of  life, 

having  a  sucker  at  the  end  of  the  body,  wherewith  to  cling  to  stones, 

a  foot-like  process  on  the  1st  thoracic  segment,  and  large  brush-like 

mouthparts,  whose  motion  sweeps  into  the  mouth  the  microscopic 

water-plants  on  which  the  creature  feeds.  The  larva  can  spin  threads 

which  help  to  protect  it  from  being  carried  away  by  the  rushing  water, 

and  when  full  grown  it  spins  a  pocket-shaped  cocoon  which  is  stuck  to 

stones  and  in  which  it  pupates ;  the  pupa  has  two  much-branched 
breathing  filaments  which  project  from  the  open  front  of  the  cocoon. 

(PI.  LXI.)  The  fly  emerges  under  water  and  floats  to  the  surface, 

protected  from  getting  wet  by  a  bubble  of  air  or  gas  entangled  among  the 

hairs  on  the  legs  and  body.  In  the  figure  of  the  wing  (PI.  LXI,  fig.l). 

it  will  be  seen  that  the  strengthening  of  the  anterior  veins  at  the 

expense  of  the  posterior  ones  has  been  carried  much  further  than  in 

the  Bibionids,  the  only  well  marked  veins  being  the  costa,  subcosta, 

the  2-branched  radius,  and  the  basal  part  of  the  media  connected  with 
the  radius  by  the  anterior  cross  vein.  Some  other  small  flies,  e.g., 

Pkorida,  have  a  venation  at  first  sight  somewhat  similar  to  this, 

but  their  antennae  are  quite  different  to  those  of  SimuUum.  (PI. 
LIX.) 

The  eyes  in  this  family  contain  both  large  and  small  facets  (see  Bibio- 

nida),  and  afford  an  easy  means  of  distinguishing  the  sexes,  since  the 

male  eyes  touch  while  those  of  the  female  are  separated.  The  flies  are 

usually  coloured  with  sova^  combination  of  grey,  black,  and  golden 

yellow.  The  Indian  species  have  not  been  properly  studied,  only 

SmuUum  indimm,  Bech  (Ind.  Mus.  Notes),  and  S.  indianum,  Big.,  having 

been  described,  and  when  the  species  of  the  hill  districts  have  been 

collected  there  is  little  doubt  that  they  will  be  found  to  include  a  con- 
eiiinable  number. 
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The  one  whose  stages  are  figured  on  PI.  LXI  is  common  in  the  neigh- 
bourhood of  Simla  at  the  end  of  the  rains.  No  really  practical  method 

of  exterminating  the  flies  is  known,  though  the  use  of  heavy  oil  in  the 
streams  has  apparently  been  tried  with  some  success  in  America. 

Orphnephilid^. 

Small  bare  flies  with  eyes  contiguous  in  both  sexes  (n<rf  as  is  usual  in  the 
male  only),  and  an  unusual  type  of  venation.  Antenna?  fint  longer 
than  the  head. 

These  small  flies  are  rare,  but  widely  distributed.  Nothing  is  known 

of  their  habits  and  life-history.  They  are  of  no  economic  importance, 
though  of  interest  to  the  systematist  from  the  difficulty  of  determining 
their  relationships.    None  are  known  to  occur  in  India.. 

RHYPHID.S. 

Discal  cAl  present.    Empodia  pulvilliform,  pulvilU  rudimentary  or  absent. 
No  transverse  suture  on  thorax. 

These  flies  look  rather  like  small  Tipulids  with  broad  wings,  the 

latter  generally  spotted.  They  are  widely  distributed,  but  the  species 

are  few.  They  are  fond  of  shady  places  and  are  sometimes  found  on  win- 
dows. The  larvae  are  mostly  aquatic,  wormlike,  amphipneustic,  with 

two  fleshy  projections  on  the  hind  end.  They  are  also  found  in  rotten 
fruit,  manure  and  decayed  wood.  The  pupee  are  free.  Two  species  are 
recorded  from  India.  Rhyphu^s  feneMralis,  Scop.,  which  occurs  in  the 
hills,  and  R.  puhhricornis,  Bru.,  from  Assam.  I  have  not  yet  been  seen 

them  in  the  dry  plains.    The  venation  is  shown  on  PL  LIX. 

ORTHORHAPHA  BRACHTCBRA. 
Stratiomyid^.. 

Medium.-sized  flies,  not  bristly.  Head  usually  as  broad  as  thorax, 
abdomen  often  flattened.  Ocelli  present.  Eyes  frequently  touching  m  the. 
nude,  often  with  coloured  bands  as  in  Tabanidce.  AntenncB  variable, 

S-jointed,  the  Srd  joint  a  complex  of  snudl  segments  and  often  with 
a  terminal  style  or  arista.  Scutellum  often  spinedor  with  serrated  edge. 
Anterior  veins  often  crowded  and  thickened,  the  others  weak.  Fom 
or  five  posterior  ceUs  present.    Costa  rarely  reaches  to  tip  of  wing. 

This  is  a  large  family  of  often  very  beautiful  insects,  bat  unimpor- 
tant from  the  economic  point  of  view.    In  their  adult  conation  they 
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are  found  about  flowers  and   leaves,  and  the  larvsp  are  many  of  them 

scavengers.    The  flies  are  generally  lazy  and  not  easily  frightened,  and 
are  fond  of   sitting    on    leaves  near  the 

ground  in  damp  rather  shady  places.    PI. 

JjXI,  fig.  3,  shows  the  commonest  sjwcies 

of  the  plains  (Sargus  metalhnus)  and  give 

some  idea  of  the  beautiful  colouring  which 

these   flies   often    show     The  wings  are 

carried  at  rest  lying  flat  over  each  other 

along  the  abdomen  and  the  members  of 

the  family  have  generally  a  characteristic 

look  about  them  which  makes  them  easy. 
to  recognise ;  where   there  is  a  doubt,  a 

glance  at  the  antennsp  and  venation  will 

in  most  cases  be  enough  to  resolve  it. 

The  sexes  may  be  distinguished  by  the 

distance  apart  of  the  eyes.     The   larvte, 

which  are  sometimes  predaceous,  are  found 
in  various  decaying  substances,  under  bark 

or  in  the  sap  exuding  from  it,  and  often  in 

water,   even   occasionally    in  salt  water 

and  hot  springs.    The  aquatic  forms  often 

possess  a  beautiful  hair- fringed  tail -cup 
(fig.    379)   which   floats   and   keeps  the 

posterior  spiracles  at  the  surface.  The 

skin  of  the  larva  is  often  very  strong  and 

hard,  frequently  covered  with  a  sort  of 

chalky  layer  which  helps  to  stiffen  it, 

and  when  the  larva  pupates  this  larva- 
skin  separates  from  the  pupa  but  remains 
enclosing  it  as  a  protecting  outer  case. 
Interesting  accounts  of  the  structure  and 
habits  of  these  larvae  will  be  found  in 

Miall  ("  Aquatic  InsectB  "). 
The  student  will  fi.nd  a  list  of  genera 

and  species  in  Indian  Museum  Records 
(Brunetti). 

Fijf.  3Sl— Larval  skin  op  a  stea- 
TIOUYIIO  TO  SHOWTAILFKINOE. 

UPPER  FIO.    X  2. 

Fl(jt.  3S8~£iARVA   OP  A  8TRATIO 
MTIII),  VBNTRAI,  VIBW. 
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The  ClikllarincB  (PI.  LXI.  fig.  1)  and  Sarginm  are  common  in  India, 

but  the  curious  little  dumpy  round-bollied  Pachygaatrinm  (PI.  LXI,  fig. 
5,)  whose  flattened  predaceous  larvee 
live  under  bark,  are  less  often  met  with. 

The  venation  typical  of  these  three 
sub-families  is  shown  in  fig.  381. 

Antenntp  variable  as  in  Stratimmjidte. 
Eyes  often    touching   in  the  mate. 
Proboscis  sometimes  long  and  beak- 

h'ke.    Puhilli  and  empodia  lyresent. 
At  host  some  of  the  tibia',  mth  spurs. 
Leptids  are  of  moderate  size,  being 

rarely  quite  small,  with   the  legs  and 

Kitf.  383— Stratiomviiu    venation 
(AVTER  C0M8T0CK).  A  PAOHYnAS. 

TBR,  B  CLITELIARIA,    C  RARnCS, FiR,  .SfM— ANTENN.t;  of  Leptidh. 

(After  Conutiick.) 

abdomen  both  rather  long  and  thin,  the  latter  somewhat  tapering  at  the 
hind  end.  The  head  is  wide  and  the  eyes  large.  The  body  is  frequently 

covered  with  a  close  coat  of  short  hairs  sometimes  golden  yellow  in  colour, 

and  when  at  rest  the  wings  are  not  folded  over  the  back  as  in  Stratio- 
myids  but  are  held  apart  after  the  manner  of  the  Tahanidce.  The  usual 

type  of  venation  is  shown  on  PI.  LIX.  The  flies  are  of  rather  sluggish 

habit,  with  a  short  silent  flight,  and  are  predaceous ;  two  genera,  8ym- 
phoromyia  and  Trichopalpus,  are  said  to  suck  blood  freely  in  America, 
while  cases  are  also  on  record  of  people  in  Europe  having  been  bitten  by 

Ijcptis  ;  no  Indian  species  is  yet  known  to  suck  blood  ;  the  family,  as  a 
whole,  certainly  does  not  occur  in  any  abundance  in  the  plaimi.  None 

have  ever  been  seen  at  Pusa,  though  the  flies  are  apparently  not  uncom- 
mon in  Assam  and  in  the  Eastern  Himalayas.  The  sexes  are  distinguished 

by  the  wider  separation  of  the  eyes  in  the  female.    The  breeding-habits 
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appear  to  be  not  unlike  those  of  Tabanidce,  the  eggs  being  laid  on  plants 

overhanging  water  or  in  damp  woody  places.  The  predaceous  larvse 

are  aquatic  or  live  in  decaying  wood  or  moist  earth  and  moss.  One 

species  is  known  to  make  a  pit  like  an  ant-lion  and  catch  food  in  the  same 
way.  The  larvae  of  Xylophagince  sometimes  have  the  head  and  anterior 

part  horny  and  drawn  out  to  a  point  at  the  end  of  which  is  the  mouth. 

The  family  comprises  two  or  three  hundred  widely  distributed  species, 

and  is  divided  as  follows,  the  Lejainw  containing  most  species.  The 

Xylophagince  often  have  a  considerable  resemblance  to  Hymenoptera. 

(a)  Antennae  not  long,  3rd  joint  apparently  unseg- 
mented,  with  a  style  or  arista  . ,    LeptincB. 

(b)  Antennae  longer,  3rd  joint  complex. 
(1)  All  the  tibiae  spurred         ..  ..    XylophagincB. 

(2)  Front  tibiae  without  spurs. .  . .    Arthroceratince. 

Tabanib^. 

Dans-flies,  Gad-flies,  "  clegs."  Body  usually  rather  broad  and  flat.  Head 
large,  broad  and  flat,  the  eyes  large,  touching  in  the  male ;  often  vnth 

coloured  spots  or  stripes.  AnienncB  projecting,  3rrf  joint  made  up  of 

several  segments.  Proboscis  strong,  pointin/g  downwards,  sometimes 

(Pangonia)  very  long  and  horizontal.  No  bristles  on  the  body. 

SquamoB  well  developed.  Wings  fairly  large,  the  casta  extending  all 
round,  when  at  rest  held  separated  {except  Hmmatopota)  not  folded 
flat  over  one  another. 

Dans-flies  are  easily  squashable,  generally  fairly  large  flies,  at  least 
as  big  as  a  bluebottle,  and    often  bigger.    They  are  well  known  from 

the  blood-sucking  habits  of  the 
females,  and  are  in  some  districts 

a  constant  source  of  annoyance 

to  horses,  cattle,  men,  and  other 

animals.  Their  bite  is  severe,  but 

generally  does  not  result  in  so 
much  swelling  and  subsequent 

irritation  as  does  that  of  the  mos- 
Flg.  385— MOVTHPAHTB  or  FBMALE.  ..  ..  V  _  i.1.' 

Tabanv,.  (A/ur  m«e.)  q^uto?  sometimes,  however,  this 
mxp  Palpdr  is  by  no  means  the  case,  and  very 
mx     Maxilla  .,      ,  i      i.  >     .  i 
nrn     MAMDIBI.K  considerable  discomfort  may  be 

?r   Kur"''"'  experienced.    It  is  probable  that 



PLATE  LXII.— Tabanu)^. 

Kil{.  1.  'fnhaiiiii,  ny>      Wlk       x  2. 

,,  \n.  Eg-;  tnaKs      x  2 
„  \f).  Young  larva       x  8. 

,,  Ic.  Full-giown  lai'VH.      x  1. 

,,  id.  Pupa      X  2. 

,,  1(  Pai.isitp.      X  S. 

,,  2  Tnhaniiti  Hp.      x  2. 

,,  .')  Panijonin  foiif/irnntrin       x  2. 
,,  4  Gaelro.rideK  ntfr      x  2. 

,,  5  llfivnalopota  wp.      x  2 

,,  {)  f'hri/aopk  dw/>nr       x  2 
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such  results  are  due,  not  to  any  poison  secreted  by  the  insect,  but  to 
dirt  accidentally  introduced  into  the  wound  either  by  the  fly's  proboscis 
or  in  some  other  way. 

Unlike  most  mosquitos,  Tabanidw  bite  only  during  the  day  time, 
but  they  resemble  the  former  in  that  the  females  alone  are  blood-suckers. 

The  males  live  on  nectar  or  the  juices  of  plants  and  fruits,  and  the  females 

can  also  subsist  on  vegetarian  diet  if  they  are  unable  to  get  blood.  Both 

sexes  have  been  observed  feeding  on  the  sugary  substance  exuded  by 

Aphids,  and  it  seems  probable  that  some  species  of  Pangonia  (females) 

do  not  include  blood  in  their  diet :  we  have  observed  them  sucking  com- 
posite flowers  at  Simla,  but  never  biting.  One  species  of  Tdmnus  at 

Pusa  appears  to  drink  water  when  on  the  wing,  like  a  swallow,  and  those 

that  we  have  kept  in  captivity  have  drunk  freely  of  sugar  and  water,  and 

of  "  Hcemalogen "  (a  blood-like  patent  medicine).  The  sexes  are 
generally  easily  distinguished  by  the  eyes,  which  touch  one  another  in 

the  males  and  are  separate  in  the  females. 

The  maj  ority  of  blood-sucking  flies  have  aquatic  or  semi-aquatic  larvsB, 
and  the  Tabanids.  as   a  family,  form   no  exception  to  this  genera]  rule. 

y^  ,^\  The  eggs  (fig.  la,   Pi.    LXII)  which   are 

<^2^X^f^  '^  ̂11      N     usually  dark-coloured  and  cigar-shaped. 
■""t"       ii  or   sometimes  curved  and  with   a    whit^ 

incrustation,  are  generally  laid  arranged 

in  more  or  less  regular  masses  on  leaves  or 

V     \)  stems  of  plants  overhanging  water  or  the 
mud  at  the  edge  of  water.    When  the  eggs 

Fig.    388— MOUTHPAHTS   OF  FK-        ,  ,         i  ,   ,i  , MALB  Tabanut,  showing  ab-       hatch  the  larvse  fall  out  mto  the  water, 

(After  Bine.)  whence  they  soon  make  their  way  to  the 
mud  at  the  bank,  where  they  live   until 

full  grown,  eating  living  or  dead  insects,  and  in  captivity  preying  on  one 

another  when  food  is  scarce.    When  full  grown  they  leave  the  water' s 

edge  and  make  their  way  further  up  the  bank   where  they  pupate 

jufit   below   the   surface   of   the   ground.     The  larvee  are  apparently 

metapneustic,  with    well   developed   mouth-hooks,   a   retractile  head, 

and   the  body-segments  usually  furnished  with    prominent  tubercles 

bearing  small  claw-like  spines  which  assist  in  locomotion.    The  tail  is 

usually  more  or  less  prolonged  into  a  retractile  breathing-tube,  And  a 

round  double  swelling  below  marks  the  anus.    A  characteristic  feature 

IIL  *® 
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is  the  longitudinal  striation  of  the  whole  body,  but  this  is  sometimes 

only  very  faintly  marked.  One  Pusa  species  Gastroxides  aier  (PI.  LXII, 

fig.  4)  lives  in  hollow  trees. 

Some  of  the  larva"  have  the  power  of  emitting  a  sound,  a  tiny  squeak 

or  click,  like  the  noise  made  by  a  small  electric  spark.  It  has  been  sup- 

posed (Paoli,  Redia,  1907)  that 
a  curious  structure  known  as 

"  Graber's  organ  "  (fig.  387) 
is  concerned  either  with  the 

production  or  with  the  per 

ception  of  such  sounds  ;  this 

organ  can  be  '<pen  in  the  living 
larva  as  two  or  three  pairs  of 
small  black  dots  under  the 

skin,  the  number  and  arrange- 
ment varying  to  some  extent 

in  different  species.  The  form 

of  the  tail,  breathing  tube,  and 

trachesp  are  also  helptul  in  dis- 

tinguishing the  larvBf,  as  are 

also  the  shape  and  number  of 

the  tubercles  and  the  arrange- 
ment of  the  small  bristles  on 

the  body-segments. 

The  pupa  is  found  in  the  earth  ;  it  lies  free  of  the  larval  skin,  and  has 

usually  rings  of  bristles  on  the  abdomen  and  some  spines  and  tubercles 

on  the  head  and  thorax  (fig.  388).  The  thoracic  spiracle  is  rather  large 

and  roughly  crescent-shaped.  At  Pusa  there  axe  apparently  three  broods 
of  Tabanm  yearly,  flies  emerging  at  the  beginning  and  end  of  the  hot 
weather  (about  February  and  June)  and  at  the  end  of  the  rains  (October). 
Hibernation  takes  place  in  the  larval  condition  through  the  cold 
weather  in  all  those  species  with  which  I  am  acquainted  at  Pusa. 

Some  species  are  attacked  by  small  Hymenopterous  egg-parasites, 

(PI.  LXII,  fig.  le.),  which  in  the  case  of  one  species  of  Tabanus  we  have 

found  in  a  considerable  proportion  of  the  eggs  observed,  though  the  flies 

were  common  in  spite  of  this.  No  practical  method  of  getting  rid  of  the 
flies  has  ever  yet  been  found,  except  clearing  their  breeding-places.  Their 

Fib 

387— Tail  bnd  of  Tabancs  Larva, 
SHowiNQ  Ouabbr's  oiuuK  ltino  between 
THE   BIO  Tkacheal  Tubbs.    (After  Paoli.) 
MaUNIFIRU  ABODI  EIOHl  TIMES. 
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destruction  is  desirable  since  they  are  practically  certainly  concerned  in 

the  spread  of  diseases  of  horses  and  cattle.  They  can  to  a  certain 

extent  be  kept  from  biting  by  the  application  of 

kerosene-  or  crude-oil  emulsion,  the  effect  some- 

times seeming  to  last  for  several  days  after 

a})plication.  The  family  contains  between  one 

and  two  thousand  species,  which  occur  all  over 

the  world.  Though  the  genera  are  very  widely 

distributed,  the  range  of  many  individual  species 

seems  to  be  comparatively  restricted.  The 

differences  between  the  species  are  often  ex- 

tremely slight,  and  the  family  as  a  whole  showc 

a  coherent  assemblage  of  forms  closely  following 

one  or  two  common  patterns.  It  is  thus  very 

easy  to  recognise  a  fly  as  a  Tabanid,  and  often 
difficult  to  find  out  what  Tabanid  it  is.  The 

table  indicates  the  distinctions  between  the 

genera  more  commonly  found  in  India.  The 

number  of  species  known  is  doubtful  (V.  D.  Wulp 

lists  over  fifty)  and  they  are  at  })re8ent  undergoing 

revision.   All  the.se  genera  are  figured  on  PI.  LXII. 

Antenna.' much  longer  than  the  head      ..  ..     Cfiri^sopn. 
Antenna."  not  as  above. 

(1)  Probo.scis  very  long  ..  ..     Panijonia. 

(2)  Proboscis  short.  Resting  position  with 

wings  flat,  separated  . .  Tahanm. 

(."5)  Resting  position  with  wings  nearly 
parallel  with  the  sides  of  the  body. 

Wings  usually  brown,  spotted  with 

white  . .  . .     Uwmato'pota. 

Cyrti  1)^. — {Acroreridof). 

Medium-sized  or  small  fies.  Head oftenvery small,  eijes  usually  meeting 

in  both  sexes.  Antenna)  mnahle,  '\-jointed  with  a  terminal  style, 
which  may  be  absent.  Venation  variable,  veins  often  fairU.  Thorax 

large  and  round,  nquamm  very  large,  abdomen  very  large  and  round. 

Mouth-farts  variable,  often  rudimentary. 

These  very  curious  flies  arc  easily  recognized  by  their  small  down- 

bent  head,  humped  thorax,  and  very  large  squamae  and  abdomen,  the 

KiK.  38S— Pupa  ok 
Tauaniis    k  4. 
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latter  often  of  extraordinary  rotundity.  Probably  the  only  other  flies 

with  which  they  might  be  confused  are  Stratiomyids  belonging  to  the 

division  Pnchi/qastrinw  (PI.  LXI,  fig.  5).  and  from  these  the  squamae 

and  venation  will  distinguish  them.  They  are  never  bristly,  sometimes 

hairy,  generally  quite  smooth.  The  life-histories  are  not  well  known, 
but  the  larvK"  seem  to  be  parasitic  in  the  egg-copoons  or  the  bodies  of 

spiders.  The  fly's  eggs  are  said  to  be  laid,  not  on  the  spider  or  among 
its  eggs,  but  on  grass  and  stems  whence  in  some  unknown  fashion  the 

larvBP  get  in  touch  with  their  unwilling  hosts.  ^ 

The  family  is  quite  a  small  one  and  its  members  are  as  a  rule 
uncommon.  Oncodes  rosfalis,  Wlk  ,  is  recorded  from  India  ;  we  have 

taken  another  undetermined  species  at  Mussoorie  (PI.  LXIII,  fig.  Jl), 

flying  about  Convolvulus  flowers,  and  at  Pusa  in  grass  and  low 

herbage. 

NEMESTRINIDi«. 

Moderate-Sized  hairij  fief-  with  characteristic  venation.    Antennce  short, 

'Wd  joint  simple  with  a  thin  terminal  jointed  style. 

The  peculiar  venation  (fig.  387)  characterises  this  small  though 

widely-spread  family.    About  a  hundred  species  are  known,  and  their 

Fig.    .S89— NKMESTHtNII)    WiNO. 

{ After    Willitton.) 

habits  are  similar  to  those  of  the  BomhylHdcB,  i.e.,  they  are  flower-flies, 
and  suck  nectar. 

The  life-history  of  one  species  is  partly  known  and  is  very  curious. 
The  eggs  are  laid  in  the  burrows  of  a  boring  beetle  {Anthaxia)  whence 

the  larvae  issue  in  numbers  and  are  wafted  away  by  the  wind.  After 

this  it  would  seem  probable  that..they  cling  to  beetles  (in  this  case  a 

Cockchafer),  and  are  carried  with  them  into  the  ground  when  they  lay 

their  eggs,  subsequently  feeding  on  the  beetle-larvae  which  hatok. 

Exactly  how  they  get  to  the  beetle-larvae  is  not,  however,  known  with 
any  certainty  (Williston). 
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other  insects.  The  hosts  are  mostly  Hymenoptera,  but  other  groups, 

including  Acriindrr  (Locusts),  are  known  to  be  attacked,  and  a 

species  of  Geron  {G.  nrgentifrons,  Bru.)  has  been  found  at  Pusa 

parasitic  on  a  Tortricid  moth,  TM&pcijrpsIn  jaculatria.  It  is  not 
uncommon  to  see  female  Anthracines  hoverinj^  uj)  and  down  over 

the  surface  of  brick  walls  and  other  places  where  nests  of  Hymenoptera 

are  likely  to  be,  evidently  exploring  to  find  a  suitable  place  for  their 

eggs  :  these  they  seem  to  jerk  from  the  abdomen  while  still  ou  the 

wing,  as  described  by  Fabre,  but  no  Indian  species  have  yet  had  their 

life-histories  properly  traced.  They  carefully  inspect  likely-looking 
holes  and  cracks  in  bricks  or  wood  and  we  have  more  than  once 

beguiled  the  common  Argi^ramcpba  distigmn  into  wasting  much  time 

over  an  attractive  "hole"  painted  on  a  piece  oi  paper  pinned  up  on 
the  wall  or  the  verandah  of  the  bungalow.  From  the  biological  point 

of  view  the  chief  interest  of  these  life-histories  centres  in  the  very 

remarkable  changes  oi  form  undergone  by  the  larvae,  each  change  being 

specially  adapted  to  help  it  in  the  progressive  stages  oi  its  career. 
Fabre  has  studied  these  changes  in  the  case  of  an  Argi/ramcrbn  and 

the  following  account  of  his  work  is  abridged  from  Dr.  Sharp's  volume 
on  Insects  (Pt.  TI)  in  the  Cambridge  Natural  History.  The  victim  in 

this  case  is  the  Mason-bee  (Chalicodoma),  one  of  tho.se  Hymenoptera 

which  build  hard  nests  of  mud,  like  those  commonly  seen  about  the 

corners  of  bungalow  walls  and  such  like  places.  The  parent  fly 
hovers  over  one  of  these 

nests  and  drops  upon  it  a 

minute  egg  whence  emerges 

a  tiny  slender  larva  hard- 

ly .jV,  inch  long.  After  re- 
maining quiet  (all  the  time 

in  a  fasting  condition)  for 

about  a  fortnight,  the  little 

animal  begins  with  extra- 

ordinary energy  and  per- 
severance to  explore  the 

surface  of  the  nest  until  it 

finds  some  tiny  crack  large      fir.  sw-LauvaofHvpbkalcmiu  iNREbTiNo 

enoughto  give  it  access  to  j-hhon  lakva  bbP'N"above  it  x  2. 
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The  flies  are  rare,  and  seem  to  be  usually  caught  on  hill  tops,  or 
flying  about  the  tops  of  big  trees.  The  Indian  Museum  collection 

contains  one  species  {Hirmoneura  montana,  Bru.)  from  Mussoorie,  and 

there  is  an  unnamed  Trichophihalma  from  India  in  the  British  Museum. 
Bombyliida:. 

Antennae  3  jointed,  the  terminal  stj/le  small  or  absetU.  Head  generalhj 
rounded,  eyes  often  meeting  above  in  the  male.  Probuscin  long  and  thin 

or  short  and  thick.  Body  generally  downy,  or  with  thick  jur,  sumetimes 

with  scales.  Legs  usually  thin  and  rather  long,  feet  small.  Radius 

four- branched.  Basal  cells  long.  Squamce  small.  Wings  often  loith 
a  dark  pattern. 

This  large  family  (some  1  ,rjOO  species  are  known)  is  one  which  forms 

a  characteristic  featr.rc  of  the  fly  fauna  of  the  plains.  Its  members  arc 

found  in  all  dry  districts,  and  can  he  seen  hovering  about  sun-burnt 
banks  and  paths  and  in  the  most  arid  and  unpromising  situations. 

Their  flight  is  extremely  rapid  and  well  I'egulated :  I  once  timed  a  small 
Anthrax  hovering  about  a  twig,  and  for  nearly  six  minutes  it  remained 

within  a  space  of  certainly  not  more  than  a  cubic  inch  in  extent. 

When  disturbed  they  dart  away  hke  lightning,  a  habit  which  renders 

their  capture  rather  difficult  to  accomplish  without  extravagance  in 

time  and  nervous  energy :  a  great  saving  in  these  respects  is  gained  by 

stealthily  bringing  the  net  as  near  as  possible  and  then  enclosing  the 

fly  with  a  rapid  jerk :  about  sun-set  they  can  often  be  found  by 

sweeping  grass.  The  two  main  types  to  which  the  majority  of  the 

genera  belong  are  the  Bomhyliince,  hump-backed  furry  forms  with 
long  thin  proboscis,  often  looking  a  good  deal  like  bees,  and  the 

Anthracinw,  which  are  not  hump-backed,  have  a  relatively  larger 

head,  longer  abdomen,  and  short  proboscis.  Though  many  Anthracines 
are  clothed  with  thickish  hair  they  are  not  so  characteristically  furry 

as  the  BombyliincB,  and  some  are  almost  bare,  these  latter  having 

some  slight  superficial  resemblance  to  small  Tabanidw.  The  majority 

of  the  commoner  species  of  the  plains  belong  to  the  Anthracine  type, 

though  Bomhylius  and  allied  genera  are  not  uncommon,  especially 

after  the  rains.  The  sexes  difier  in  the  distance  between  the  eyes, 

those  of  the  males  being  closer. 

The  chief  importance  of  these  flies  lies  in  the  mode  of  life  of  the 

larvae,  which  are  found  as  parasites  in  or  on  the  eggs  or  larvae  of 
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the  interior.  Once  there,  the  slender  lissom  shape  is  useless,  and 

it  now  changes  to  a  thickish  grub  with  a  delicate  sucker-mouth, 

which  it  applies  to  the  body  of  the  luckless  bee-larva,  whose  juices  are 

thereby  gradually  absorbed  without  any  perceptible  wound  being  inflict- 
ed ;  when  this  treatment  has  lasted  about  a  fortnight  nothing  remains 

but  an  empty  skin.  The  fly-larva,  now  fully  grown,  remains  quiescent 
for  some  months  (of.  fig.  .390)  and  then  changes  to  a  pupa,  which  like 

the  other  stages  shows  a  remarkable  fitness  for  meeting  the  requirementft 
oi  its  position. 

Of  these  the  most  pressing  is  obviously  the  necessity  of  ultimately 

being  able  to  escape  from  its  stout  clay  prison-cell,  and  for  this  end  the 
pupa  is  furnished  with  six  hard  and  strong  spines  on  the  head  used  for 

demolishing  the  surrounding  masonry,  and  some  horns  and  thick  bristles 

on  the  tail  and  body.  The  pupa  is  thus  enabled  to  break  its  wav  to  the 

open  air,  and  the  fly  then  emerges,  leaving  the  pupa  skin  still  fixed  in  the 

wall  of  the  bee's  cell. 

These  successive  adaptations  to  changing  conditions  recall  other 

cases  of  "  hypermetamorphosis,  "  such  for  instance  as  that  undergone 

Fig.  391— PUPA-SKINH    OF  HyPflRALONIA  IN  NKST  OF 
HCELIPHROK    X  2. 

by  some  of  the  Blister  beetles  (CatUharidce),  and  it  is  interesting  to  notice 

that  the  mode  of  life  is  verj'  similar  in  these  two  insects,  the  beetle-larvee 

being  parasitic  on  locusts  and  Hymenoptera,  just  like  the  fly-larva  whose 
career  we  have  sketched  above  ;  both  of  them,  as  minute  and  active 

individuals,  start  life  fasting,  so  that  in  the  end  they  may  win  through  to 
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the  all-important  egg  or  grub  on  which  their  life  depends.  While  they 
have  nothing  to  do  but  eat,  both  alike  suffer  a  degradation  of  form  and 

a  loss  of  activity,  which  latter  is  in  each  case  partially  regained  in  order 

to  permit  of  the  final  changes  to  the  perfect  insect.  Such  life-histories 
as  these  offer  a  fascinating  subject  for  study,  and  for  this  India,  owing 
to  the  abundance  of  the  flies,  should  afford  excellent  opportunities.  Fig. 
391  shows  the  clay  cell  of  one  of  the  common  Hymenoptera  of  India 
(Sceliphron  madraxpcUanum)  which  has  been  penetrated  by  Anthracine 

larvse  {Hyperakmia  sphynx).  The  pupa-cases  of  the  fly,  still  stJwking  in 
the  clay  wall,  show  the  big  spines  which  enable  the  pupa  to  burst  out  of 
its  cell  when  the  insect  is  ready  to  emerge.  A  remarkable  genus  found 
in  the  hills,  very  unlike  most  of  the  other  BombyUids,  is  Systropus,  figured 

on  PI.  LXIII,  fig.  4  ;  their  resemblance  to  thin-bodied  Hymenoptera, 
especially  when  they  are  flying,  is  extremely  close.  Another  very  curious 
genus,  Empidideicus,  is  represented  by  a  minute  fly  occasionally  found 
in  grass  at  Pusa,  in  which  the  proboscis  is  so  long  and  thick  as  to  have  the 

appearance  of  an  elephant's  trunk.  A  list  of  Indian  genera  and  species 
is  given  by  Brunetti  (Indian  Museum  Records). 

APIOCERIDiE. 

Two  or  three  genera  of  rare  flies,  whose  systematic  position  is 
doubtful.  They  may  be  Asilidw  or  Mydaidw.  They  are  not  known 
from  India . 

SCBNOPINIDiB. 

Rather  small  bare  black  flies.  3rd!  joint  of  antennce  simple  and  elongate. 
Noarista.  Ocelli  present.  Eyes  usually  touching  in  the  male.  Abdo- 
menof  teven  segments,  rather  flat.  1st  posterior  cell  narrowed  or  closed. 

These  flies  are  rather  uncommon  in  the  plains,  and  form  a  very  small 

family,  all  of  one  genus  Scenopinus,  of  no  particular  interest.  One  species 
(PI.  LXIII,  fig.  10)  is  not  rare  in  the  hills,  and  looks  rather  like  a  small 

black  Stratiomyid,  but  from  his  family  the  venation  and  the  absence 
of  spines  or  serrations  on  the  scutellum  give  enough  distinction.  The 

larvse  are  very  slender,  and  each  segment  but  one  has  a  deep  gM9Ve  round 
it  so  that  it  looks  like  two  segments.  They  are  found  in  various 

situations,  {e.g.,  under  carpets  and  in  decaying  fungi),  and  are  supposed 
to  be  predaceous,  but  little  is  known  about  them.  They  are  much  like 
the  larvae  of  TherevidcB.  We  figure  a  specimen  of  S.  indicus  which  was 
bred  from  a  pupa  found  in  decaying  wood  at  Pusa. 
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THEBEVIDiE. 

Medium-sized  bristly  or  hairy  flies.    Head  broad.    Eyes  contiguous  m  the 
mak.    Antennw  short,  3rd  pirU  simple  usually  with  a  terminal  style. 
Ocelli  present.    Five  posterior  cells,  anal  cell  closed  near  the  margin. 
Therevids  are  probably  predaceous  both  m  the  larval  and  adult  con- 

dition.   The  larvae,  like  those  of  Scenopinids,  have  th  >  appearance  of 
possessing  19  segments,  and  in 

Europe  have  been  found  in  i  otten 
wood  and  in  earth.  The  pupec 

are  free.  The  adult  flies,  which 

are  often  clothed  with  silvery 

grey  fur,  may  sometimes  be 
seen  sitting  about  on  twigs  and 

leaves  apparently  waiting  for 

their  prey  after  the  Asilid  man- 
ner :  though  a  good  deal  like 

Asilids  in  appearance,  they  are 
rather  more  slender  and  have 

much  thinner  legs  (fig.  392), 

while  their  attitude  while  waiting 

(for  prey  ?)  is  rather  different, 
the  head  being  held  higher  and 

Fig.  .S92-THBREVA  Pusi.    X  5.  ^j^^.  ̂ ^i,  depressed ;  the  proboscis, 

too,  is  not  horny  and  prominent  as  in  Asihdce.     Nothing  seems  to  be 

known  regarding  the  kind  of  insects  on  which  they  most  usually  feed, 

or  of  the  life-histories  of  the  Indian  forms.     They  have  a  fondness  for 

sitting  on  sand,  and  have  more  than  once 

been  seen  at  Pusa   watching   the    pits 

made  by  Ant-lions,  possibly  in  order  to 
secure   the    insects    entrapped    therein. 

We    have     observed    them    dancing  in 

great   numbers  in  the  early  morning  at 

the    begininng   of  the   hot  weather    at 

Pusa.    The  genus   Phycus    (PI.  LXIII, 

fig.  8)  is  not  uncommonly  met  with  in  the  plains,  but  nothing  is  known 

of  it,  not  even   that  it  is   predaceous.    Unlike    most  Therevids  it 

smooth  and  not  hairy. 

Fie  393— Heau  or  a  Thbugvii), 
FOHCOMFARIDOM  WITH  AbILII). 

IB 
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The  family  as  a  whole  includes  about  two  hundred  species ;  those 

recorded  from  India  are  some    half-dozen     species  of    Thereva  and 

Phi/rus. 
Myvaivm. 

Large  or  verij  large  flien.  Antennw  elub-like,  rather  hng,  the  3rrf  joint 

fattened.  Venation  eha'acteristic,  hran"he»  of  radium  coalescing,  and 
first  branch  of  media  ending  at  or  before  the  tip  of  the  wing,  which  is 
often  dark  coloured. 

These  flies  have  the  general  appearance  of  large  Asilids,  from  which 

the  above  characters  will  be  enough  to  distinguish  them.  Like  the  Asi- 

lids they  are  predaceous  in  both  adult  and  larval  stages,  and  the  larvjp 

have  been  found  in  rotten  wood  They  constitute  a  small  and  wide- 
spread family  of  which  little  is  known.  There  is  one  Indian  species 

belonging  to  the  genus  lA'ftomydas  in  the  collection  of  the  Indian 
Museum.    The  characteristic  venation  is  shown   on  PI.  LIX. 

AsiLiD^. 

Antenna'  '\-juinted,  3rrf  joint  generally  elongated,  with  or  ivithout  a 
terminal  style.  Head  broad,  depressed  between  the  eyes.  Probosas 

stout,  sharp  and  horny.  Body  generally  long,  with  strong  bristles, 

often  hairy.  Leqi,  and  feet  strong,  pulvilli  usually  large,  empodia 

lyrislle-lilce.  Squama  rudimentary  or  absent.  Five  posterior  cells,  of 
which  the  1st  and  Uh  may  be  closed.  Anal  cell  open  or  dosed. 

Genital  organs  usually  conspicuous. 

A  very  large  family  whose  members  are  abundant  in  the  plains,  and 

may  considerably  benefit  us  by  their  extraordinary  appetites.    They 

prey  upon  other  insects  of  many  kinds  and 

their  voracity  is  amazing.  They  do  not 

fly  much,  but  may  be  seen  lying  in  wait  for 

their  victims  on  twigs  and  stubble  or  leaves, 

generally  near  the  ground,  and  their  short 

flights  produce  a  rather  loud  dull  buzz. 

Prof.  Poulton  (Trans.  Ent,  See.,  liK)7)  has 

Fig.  894-HBADOFANAsiLin,  i»ade  a  study  of  the  food  of  predaceous 

*'*°*i"''„»*^^Sf  t'^-"  "''''■        insects,  and  has    found  that  AsilidcB    prey WBBN  THR  EYB8.  _  '  _  r      / 
chiefly  on  Hymenoptera,  Diptera,  Coleop- 

tera,  and  Lepidoptera,  and  less  frequently  on  Orthoptera,  Neuroptera, 

Homoptera  and  Hemiptera  (in  India  Asilids  feed  extensively  on  Oxya 
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velox,  an  orthopteron.)    There  is  a  large  field  for  interesting  work  on these  lines  in  India,  and  the  student  should  consult  Prof.  Poulton's 
paper.    Some  of  the  Asilids  are   very  large,  and  several  (especially  the 
LaphrinfB)   look   much  like  bees,    having  a  comparatively  short  and 
thick  body  (PI.  LXIV,  fig.  7) ;  others  (Lejaogaster,  fig.  m)  are  of   the 
most  slender  build,  with  a  very    long  thin  abdomen,  and  no  pulvilh 
on  the  feet.    These  are  not  uncommon  in  the  hills,  and  the  prevalence 
of  this  elongated   body-form,  not   in  this   family  alone  but  in  others 
also,    seems    to    be    a    characteristic    of    the  flies  of    that  region   as 
compared    with    those    of    the  plains.    Why    this    should    be    is    at 
present  an    unanswerable   question.     In    the  case   of  the  Bombyhid 
Sydrofm  (V\.  LXlIf,fig.  4)  the  strong  resemblance   which  it  certainly 
has  to  long-bodied  Hvmenoptcra  common  in  the  same  locality  may  very 
possibly  be  of  benefit  in  some  way ;  wc  do  not  know  in  what  way.    The 

same  might  perhaps  be  said  of  the  elegant  little    Syrphids   of    Jincvhn, 

Sphegina,  and  allied  genera  (PI.  LXV,  fig.  4),  but  not  of    Lefttogmtcr 

since  this  is  not  like  any    common    Hymenopteron,    and  in  this  case 

some  other  explanation  must  be  sought.    Perhaps  the  requirements  of 

their  larval  stages  are  not  fulfilled   in  the  plains  ;    perhaps  tlie  large 

surface  exposed  on  the  long  abdomen  is  uncomfortable  in  very  hot   dry 

conditions  ;  it  may  be  that  the  flies  prey  especially  upon  certain  species 

of  insects  which  occur  in  abundance  only  in  the  hills,  or  they  may  have 

some  parasite  or  other  enemy  which  lives  only  in  the  plains.    These  aie, 

of  course,  the  merest  suggestions,  and   -entirely    valueless,   as  all   such 

speculations  must  be  until  backed   up  by    adequate  knowledge  of  the 

life-histories  and  physiology  of  the  insects.    In  one  respect  we  may  sav 
with  some  certaintv  that  the  attenuate 

^hape  of  Banha  and  Lejploqastpr  is  of 

advantage,  and  that  is  as  a  protection, 

at  any  rate  from  human  enemies,  for 

unless  shown  up  by  a  light  background 

they  are  very  noticeablv  inconspicuous. 

Another  point  which  is  perhaps  worth 

notice  is  the  strong  likeness  in  form  and 

general  build  between  LeptogaMer  and 

Vin  395— An  Asilid  (Lkpto-  Dragon-flies.  It  is  probable  that  this 
0 ASTER)  SIMLA.  superficial  likeness  in  two  such  distantly 



604 nir'j'EKA, 

Fifj.  396— The  bxtrbmity  of  tjjr 
ABDOMRN  JN  FJSHALG  ANK 

MALR  A8IL1D8. 

connected  groups  has  arisen  independently  in  response  to  the 

requirements  of  their  common  mode  of  life.  Both  the  Asilid  and 

the  Dragon-fly  live  by  chasing 
other  insects  and  catching  them 

on  the  wing,  the  former  sucking 

their  juice  with  its  pointed  beak, 

the  latter  chewing  them  in  its 

powerful  jaws.  Both  have  a  par- 
ticularly broad  head  furnished 

with  large  eyes  ;  strong  bristly 

grasping  legs  and  feet,  large 

wings  and  a  long  thin  abdomen. 

The  utility  of  strong  mouthparts, 

legs  and  wings  is  obvious  :  the 

breadth  of  the  head  probably  gives  its  owner  greater  powers  of  judging 

the  distance  of  its  prey  correctly,  while  the  long  abdomen  helps  as  a 

balancer  and  rudder,  enabling  the  insect  to  turn  quickly  and  accurately 
when  swooping  on  its  victim. 

The  sexes  are  easily  distinguished  ;  the  males  always  have  big  clasp 

ers  and  the  females  a  pointed  ovipositor  (fig.  396),  The  larva?  are  pro- 
bably all  predaceous,  and  with 

the  pupae  are  most  often  found 
in  rotten  wood  (fig.  397)  or  in 

earth.  The  full  life-history  is  not 

known  for   any  Indian  species. 

The    family    comprises    some 

3,001)  known  species  of  which  over 

a  hundred  are  recorded  from  India.    It  may  be  divided  as  follows  : — 

(a)  Marginal  cell  closed. 
(1)  Antennae  with  terminal  bristle 

(2)  Not  with  terminal  bristle     . . 
(b)  Marginal  (x\l  open.   ,. 

If  without  pulvilli,  and  with  slender 
abdomen 

Otherwise  . . 

The  number  of  genera  is  large,  and  the  generic  characters  often  diffi- 
cult to  distinguish. 

Kig.   397— Labva  of  Asilus.  aitjsk 
Bkauek  x2. 

Adlincp. 

Laphrinw. 

Leftogaster 
DasypogonincB. 
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Empid^. 

Oenerally  small  flies  with  distinct  neck  and  smaU  round  head  with  a  ■pro- 
jecting horny  proboscis.  Eyes  often  meeting  in  the  maU.  Antenna 

^•jointed,  3rd  joint  usually  with  a  terminal  style.  Squama'  very  smalt 
or  absent.  Legs  often  spined  or  thickened.  Puhilli  long.  Venat  on 

variable,  anal  cell  often  very  short  owing  to  the  turning  hark  of  the  2nd 

branch  of  the  cubitus. 

This  is  a  rather  large  family  of  predaceous  flies  with  apparenily  few 

species  in  the  plains     In  their  mode  of  life  and  often  in  general  appear- 

ance they  are  like  the  Asilidce,    but  (ex- 
cluding hill  and  forest  areas)  the  latter 

are    in   India    distinctly   the    dominant 

group,   the  reverse  of  what  is  the  case  in 

Europe,  where  the  Empids  fill  the  same 

place  in  nature   as  is  occupied    in    the 

Indian   plains    by   th"   very    abundant 

Asilids  of  that  region  :   they  are  as  a  rule 

KiK.  398-Empii>  (Hyboh  sp.)      slenderly  biiilt,  with  a  rather    long   thin 
SIMLA  x3.  abdomen;  in  habit  they  are  somewhat 

more  purely  aiTial  than  are  the  Asilids,  and  have  u
sually  very  good 

control  over  their  flight.  They  are  also  much  less  b
ristly  and  hairy 

than  AsiUdw,  while  their  eyes  have  no  deep  
furrow  between  and 

are  closer  together.  (Osten  Sacken  associates 
 the  absence  of  large 

bristles  and  presence  of  large  eyes  with  ai=ri
al  habits  :  n..  a  being 

characteristic  of  fliers  rather  than  walkers
.)  Rome  of  them  su-k 

flowers  as  well  as  the  juices  of  insects,  and  the
y  appear  to  prey  far 

more  exclusively  upon  other  Diptera  than  d
o  the  Asilida,  (Poulton) : 

with  this  their  weaker  build  may  have  so
methmg  to  do. 

The  sexes  are  easily  distinguished,  aathe  ge
nftal  organs  are  usually 

quite  clearly  distinct  in  structure  in  the  s
ame  way  as  m  AsMw.  Both 

Les  indulge  at  times  in  aerial  dances
,  which  seem  to  be  connected 

in  curious  ways  with  the  sexual  relati
ons  of  the  insects  (Howlett,  Ent 

L  Mag.,  1907  ;  Hamm,  iUd.,  1908  
&  190^)) ;  the  study  of  these  aenal 

Lees  has  been  neglected,  but  it  
is  certain  that  it  would  reveal  many 

points  of  interest.  ,    ̂   •    ̂  

The  life-history  is  not  known  for  an
y  Indian  species,  but  m  Europe 

the  larva  are   generally  found 
 in   earth   or   under  decaying  

leave., 
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etc.  They  are  probably  predaceous  and  are  described  as  cylin- 

drical, amphipneustic  with  a  prominence  below  the  posterior  pair  of 

spiracles.  The  pupsc  are  free.  In  the  plains,  as  mentioned  above, 

the  species  seem  to  be  few  in  number,  though  individuals  (especially 

Tarhydrominm)  are  often  common,  but  they  occur  in  fair  abundance 

in  the  hills.  This  may  be  due  to  the  lack  of  shade  and  moisture  in 

the  plains  not  suiting  them,  for  in  England  they  are  found  most 

often  in  rather  damp  places,  such  as  meadows  bordering  on  running 

brooks  or  in  shady  woods.  They  are  sometimes  rather  difficult  to 

identify,  owing  to  their  considerable  variety  of  form  and  venation. 

Van  der  Wulp  lists  one  species  of  each  of  the  genera  Hihra, 

Pterosjnlus,  and  Hybos  as  Indian.  Species  of  the  latter  genus  are 

quite  common  in  the  hills  and  can  be  recognised  from  the  exaggerated 

development  of  the  hind  logs  (fig.  398). 

DOLICHOPODID^. 

Small  slim  fies,  generally  of  metallic  colours, 

with  long  thin  legs.  Antenna  often 

apparently  2-jointed.  Proboscis  short 

and  fleshy.  No  squamw.  No  cross-vein 
between  discal  and  2nd  basal  cells.  Male 

genital  organs  frequently  conspicuous. 

These  beautiful  Uttle  flies  are  found  as  a 

rule  in  moist  leafy  places,  and  in  the  rains 

may  commonly  be  seen  on  hedges,  garden- 

bushej!,  etc.,  flying  nimbly  about  and  sett- 

ling on  the  leaves  ;  they  are  often  easily  re- 

cognised by  their  elegant  form  and  bright 

metallic  green  colour  (PI.  LXIII,  fig.  {)). 

The  first  two  joints  of  the  antennte  are 

usually  quite  short,  the  second  being  some- 
times too  small  to  be  noticeablej  and  the 

third  is  generally  oval,  but  in  some  genera 
is  much  elongated.  It  bears  a  dorsal  or 

terminal  arista.  The  wings  in  several  genera  are  clouded  or  have 
dark  markings.  The  thorax  is  flattened  from  side  to  side,  and  has 
regular  rows  of  bristles  along  the  back.    In  keeping  with  the  dandified 

Fig.  399-Labva  of  Uoli- 
VBOrVA  (A/hr  Bmutr.)     X.   10 
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appearance  of  these  flies  are  the  remarkable  structures  often  found  in  the 
male,  apparently  for  the  purpose  of  impressing  the  opposite  sex, 
and  taking  the  form  of  curious  elaborations  of  the  feet,  head  and 
wings. 

The  sexes  are  easily  distinguished,  apart  from  these  ornamental 
characters,  by  the  form  of  the  genital  organs,  the  male  claspers  being 
very  large  and  complex,  generally  pointing  forwards  and  lying  along  the 
under  side  of  the  abdomen  ;  since  the  sexes  of  the  same  species  often 
differ  a  good  deal  in  general  character  it  is  advisable  to  take  every  op- 

portunity of  securing  male  and  female  together  when  found  pairing.  As 

a  rule  the  metallic  coloration  of  these  flies  renders  their  identification  easy, 
but  a  good  many  forms  lack  this  distinguishing  mark  and  are  dully 

coloured.  In  these  cases  they  are  very  apt  to  be  confused  with  some  of 

the  Acalyptrate  Muscoids,  especially  the  Ephydridw,  whose  general 

characters  are  often  curiously  similar.  These,  however,  lack  the  rows  of 

thoracic  bristles,  and  the  venation  of  the  wings  is  usually  slightly 

different,  the  1st  basal  cell  being  longer  than  in  the  DoUchopodidce. 
The  head  and  mouth  in  the  Ephydrids  is  also  generally  larger,  and  they 

have  not  the  row  of  bristles  round  the  hind  edge  of  the  eye  possessed  by 

Dolichopodids.  Both  famihes  are  predaceous,  and  both  favour  damp 

situations.  Ephydrids  are  commonly  found  walking  on  the  surfaise 

of  water,  and  some  Dolichopodids  are  also  able  to  perform  this  feat. 

Both  groups  contain  species  in  which  the  front  femora  are  thickened 
and  armed   with  spines  on  the  under  side. 

This  striking  likeness  would  seem  to  indicate  some  close  genetic 

relationship,  but  this  is  improbable  if  we  accept  the  principles  of  classi- 

fication in  general  use,  and  it  is  more  likely  that  the  resemblances  are  due 

to  the  similar  mode  of  life  of  the  two  groups  ■  either  the  surroundings 

and  habits  of  the  insect  influence  its  form  in  some  unexplained  way, 

or  a  certain  pattern  is  found  to  pay  best  in  these  surroundings,  and  the 

variations  in  the  direction  of  this  pattern  have  become  perpetuated. 

Very  little  is  known  of  the  life-history.  The  larvae  (fig.  3i>9)  are  amphi- 

pneustic,  slender  and  cyUndrical,  and  live  in  the  exuding  sap  or 

under  the  bark  of  trees,  or  in  decaying  vegetable  matter.  Their  
diet  is 

uncertain.  The  pupa.'  are  generally  free  :  their  abdominal  spiraclea  
are 

very  small,  and  the  breathing  is  done  through  two  long  horns  
which  bear 

the  thoracic  spiracles. 



608 DIFTBRA. 

The  economic  importance  of  the  family  in  India  is  slight.  They  are 

predaceous,  and  perhaps  therefore  to  be  encouraged 

The  family  reaches  its  maximum  abundance  in  temperate  regions^ 

and  two  or  three  hundred  species  are  already  known  from  Europe  and  N. 

America.  In  India  Psilopus  seems  distinctly  the  dominant  genus  and  its 

members  are  in  some  districts  extremely  common  on  broad  leaves.  Van 

der  Wulp  includes  seven  Psilopus  and  two  Dolichopus  in  his  list.  A 

species  of  Puihpus  is  figured  on  PI.  LXIII. 
PHORID.a!. 

Small  flies,  generally  hlaek  or  yellowish.  Head  small  with  bristles  pointing 

hm'lcwards,  antennce  very  short  with  long  arista.  Thorax  much 
rounded  and  hunched.  Wings  somdirne^  large,  sometimes  small, 

mth  characteristic  vermtion.  Coxcb  and  hind  l^tgs  rather  l<yng,  hind 

femora  often  flattened  or  enlarged. 

These  small   hump-backed  flies  are  often  seen  running  about  on 
leaves  or  windows,  and  are  very  common  all  over  India,  though  perhaps 

less  abundant  in  the  plains  than  in  the  hills. 

The  venation  is  peculiar  (PI.  LIX)  and  the 

real  systematic  position  of  the  family  is  in 

doubt.    The   eyes  are  wide  apart   in  both 

sexes,  but  the  abdomen  of  the  female  is  gen- 
erally more  or  leas  pointed,  while  that  of  the 

male  is  more  often   swollen  at  the  end.    The 

larvae  (PI.  LXV,  fig.  10a)  are  rather  flattened, 

often  with  pointed  processes,  and  sometimes 

a  breathing-tube  at    the    tail   end;    they 
are  found  in   all  sorts  of   decaying  matter 

and  are  also  occasionally  parasitic  on  hving 

insects     or     their    larvee.      One     species, 

PhoraCi)   Cleghorni,  is  said   to  have  been 

found  as  a  parasite  on  Trycolyga  hombycis,  a 

Tachinid  fly,  which  is  itself  a  parasite  on  the  true  silk-worm  Bombyx 

mori    (I.  M    Notes).     Several-  curious  wingless  Phorids   have  been 

recorded    as   Uving  in    ants'    neste   in  various   parts   of    the   world 
(fig.  402).    The  pupa  has   two  thoracic  breathing-processes  or  tubes 
which    protrude  from    the   old    larval    skin    within    which   it   lies 

enclosed  (fig.  401). 

FiK.  4(K)— Trinrcba  aterrima 
(Simla)  x  8.    (Aftrr Brvrs.) 
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This  small  family  is  useful   in   the   scavenginj;    way,   and  it  is 
necessary  for  the  student  to  be  familiar  with  the  flies,  since  the  larvae 

breed  in  almost  any  situa- 
tion where  they  ,1  can  get 

decaying  vegetable  matter, 
and  owing  to  this  they  are 
often  mistaken  for  pests, 

because  they  may  have 

Fi(t.  401— Phorio  pupa  from  a  iieai>  been     found   feeding   on  a 
COCKROACH   X  JB.  .  „ 

damaged  plant :  in  reahty 

the    mischief    was  done    by   some 
other  insect  and  the  Phorid  larvsp 

have   merely  come  in  afterwards  to 
clear  off  the  remains. 

The  European  Phorida  have 

been  monographed  by  Becker  (Abh. 

Zool-Bot.  Ges.  Wien.,  Vol.  I,  1901), 

and  more  recently  the  whole  family 

has  been  dealt  with  by  Brues  (Gen. 

Insectorum,  Phoridae).  The  latter 

includes  the  following  six  species 

as  Indian :  there  are  certainly 

many  more. 

ajdcalis,  Brues,  Bombay 
India. 

Fie.     402— Trrmitoxenia      hkimi, 
WASM.      liNLAIUIRD,       A      WIN()I,B8h 
Phorid  ikhabitinothb  nrstb  of 
TEKMrtRH  IN  India. 

(Aflfv  Brutiii.) 

AphiochcBta 
„  limbata        „ 

,,  tibialis        „ 

„  pulicaris      „ 

Chonocephalus  similis      „ 
Termiioxenia  heimi_   Wasm. 

Asia. 

India. 

(?) 

(in  termites'  nests). 

LONCHOPTEBID.*. 

SmaU  flies,  with  short  antetmw,  3rrf  joint  simple,  with  aterminal arista. 

Wings  shaped  like  a  leaf  or  spear-head.    Venation 
characteristic  {fig.  401). 

These  little  flies  all  belong  to  one  genus  (Lonchoptera).  They  are  com- 

mon in  England  about  the  grassy  margins  of  brooks,  but  little  is  known 

of  their  life- history,  which  appears  in  some  respects  peculiar.    The j  look 
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rather  like  some  of  the  small  Acalyptrate  Muscoids,  but  the  shape   of 
the  wings  and  a  comparison  of  the  venation  (fig.  403)  will  separate  them. 

Fig,  403— LONOHOPTKRID  WIN(.. 
(Afltr  Comitnrh) 

They  art'  of  no  economic  importance,  and  have  not  yet  been  found  in 
India. 

OYOLORHAPHA  ASOHIZA. 

Syrphidje. 

fimnll  to  rather  large  fies,  often    brighthf  coloured,    sometimes    furry, 

never  hrisily,  vsualhj  polished.    Male  ei/es  often   touching,  always 

closer  together  than  in  the  females.    A  '''false  vein  "  nearly 
always  present  between  Radius  and  Media. 

From  an  a'sthetic  point  of  view  this  entirely  beneficial  family  is 

perhaps  the  most  attractive  of  all  from  the  beauty  and  diversity  of  form 

and  colour  represented  among  its  members.  Something  like  three 

thousand  species  are  known  from  all  over  the  world,  but  Van  derWulp 

ri'cords  only  sixty-seven  from  India,  a  number  which  very  inadequately 

represents  the  truth,  as  the  flies  are  abundant  in  the  hills,  though  in  the 

plains  the  species  are  often  rather  noticeably  few.  This  is  probably 

owing  to  the  comparative  scarcity  of  flowering  plants,  since  theSyrphids 

are  essentially  flower-flies ;  in  gardens  one  may  see  them  at  any  time  when 
the  sun  is  shining,  with  their  smooth  polished  bodies,  surrounded  by  an 

aura  of  quivering  wing,  poised  motionless  above  a  flower.  If  disturbed, 

they  vanish  in  an  instant  only  to  reappear  hovering  in  some  other  spot, 

and  this  mastery  of  flight  is  very  characteristic  of  the  family  as  a  whole, 

earning  them  their  English  name  of  "  Hover-fiies." 

Though  the  mode  of  life  of  tjte  adults  of  different  species  is  very  uni- 

form (they  all  feed  on  the  pollen  or  nectar  of  flowers),  the  habits  of  the 

larvae  are  equally  diverse.  A  few  live  in  stems  or  bulbs,  and  a  great 

many  in  rotting  vegetable  or  animal  matter ;  the  larvsp  of  the  genus 

Eristalis  and  others  live  in  water  or  submerged  in   wet  filth,  and  have 
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their  breathing  stigmata  at  the  end  of  very  long  extensible  tubes  so  as 
to  reach  the  surface  while  the  animal  is  feeding  below  (fig.  404) ;  the 

larvae  of  VoluceUa  live  in  the  nests  of  bees  and 

wasps,  possibly  playing  the  part  of  scavengers 
there,  and  the  extremely  close  likeness  of  some 

,  of  the  adult  flies  to  bumble-bees  is  one  of  those 

facts  of  resemblance  which  lack  a  satisfying 
explanation.  The  very  curious  round  flat  larva 

of  Microdm,  the  fly  shown  on  PI.  LXV,  fig.  (i, 

similarly  lives  in  ants'  nests,  but  the  ants  have 
been  observed  to  actively  resent,  the  presence 

of  the  ovipositing  female.  Flies  of  this  genus 

are  not  rare  in  the  hills,  and  here  again  the 

likeness  to  a  bee  found  in  the  same  locality  is 

noticeable.  The  chief  interest  of  the  family 

economically  lies  in  the  fact  that  the  larvoe  of 

a  number  of  Syrphids  feed  exclusively  on  the 

Aphidcp  which  do  so  much  damage  to  plants 

of  various  kinds.  The  parent  fly  may  some- 
times be  seen  hovering  about  and  laying  its 

eggs  on  plants  infested  with  Aphids.  The  eggs 

are  long,  oval,  rather  larger  at  one  end,  and  are 

Fig.  «)4-PcPATiN(i  LARVA   „ften  adomcd  with  a  sculptured  nattern.     The 
OP  Eristaur.  ( !^  2.)  '    .         • 

larva  (PI.  LXIV)  has  a  thickish  often  rather 

transparent  body  tapering  in  front,  generally  with  the  posterior  stigmata 

at  the  extremity  of  a  short  thick  tubular  excrescence,  and  a  small  very 

mobile  eyeless  head  which  moves  here  and  there  in  search  of  food  in  the 

shape  of  Aphids.    The  creatures  possess  a  very  large  appetite,  and  the 

work  of  destruction  accomplished  by  them  must  be  far  from  insignificant. 

When  the  larva  is  full  grown  the  larval  skin  hardens  and  forms  a  ijase 

or  puparium  enclosing  the  true  pupa,  and  from  the  head  of  the  latter  two 

little  horns  usually  project  through  the  outer  case.    Though  the  fracture 

of  the  puparium  is  Cyclorhaphous,  it  appears  that  these  flies  do  not  use 

the  ptilinum  to  push    off  the  top  piece  as  do  the  Musooids,  and   the 

well-marked  frontal  suture  of  the  latter  is  not  present,  there  being  only  a 

small  triangular  area  above  theantennse,  often  quite  inconspicuous,  called 

the  "  frontal  lunule."    The  pupse  of  the  aphis-eating  Syrphid?  may  not 
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PLATE  LXV.— Sybi-hid^k,  etc. 

ilelopkihiH  bengaleneis. 

X  2> 

I'aragua  sei'ralus X  2 

Lycastris  albipee. 

X  -J 

Baccha  ap. X  2 

Syrphidie Megoupig  erasstm. 
X  2 

MicrosdoH  sp. X  2 

Eriatedis  aineua 

x2, 

PipunculHt  gp.  (Pipunculidre), X  6. 

Plalypexa  sp.     (Plntypezidas). X  a. 

Aphiochfvta  «p.     (Phoridte) X  8 

>  Larva  and  pupa. 

Conopii  erythfocephala. 

(OonopidK>) 

X  8. 
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Fig. 406— Antenna 
PlPUNODLUS. 

(AflBT  Pitrk%n»  ) 

OJ 

interesting  economically,  as  they  are  parasitic  upon  Rhynchota  (especially 
JasaidcB  and  Fidgoridce)  in  whose  bodies  the  small  thick  oval  larvae  live 

until  full  grown  ;  they  may  then  force  their  way 
out  between  the  thorax  and  abdomen  and  fall 

to  the  ground,  where  they  hide  themselves 
and  turn  to  smooth  black  puparia  (fig.  40()). 

The  flies  themselves  are  generally  caught 

by  sweeping  flowers  and  undergrowth,  and 
though  owing  to  their  retiring  habits  they  are 
not  often  seen  they  are  really  not  uncommon 

in  the  plains,  while  in  the  hills  they  can  be 
found  in  fair  abundance  when  looked  for. 

Though   they  fly  with  none  of  that  flash- 
ing  rapidity   characteristic   of  Syrphids  and 

Bombyliids  they  are  certainly  not  inferior  to  these  two  families  in  their 

extraordinarily  accurate   control  over   their  flight,  which  is  probably 

unsurpassed  by  any  insect.  When  seek- 

ing their  prey  among  grass  and  other 

herbage,  their  irregular  and  wandering 

flight  may  easily  cause  them  to  be  mis- 

taken for  small  Hymenopterous  para- 

sites, but  their  faculty  of  hovering  in  a 

confined  space  is  remarkable.  We  have 

sometimes  imprisoned  them   in  glass 

tubes  (i-i  in.  wide  by  3  in.  long)  for  the 

pleasure  of  witnessing  an  exhibition  of 

this  power  :  they  will  repeatedly  hover 

from  end  to  end  of  this  small  space 

without  apparently  ever  touching  the 

glass,  or  will   remain   with   the  body 

quite    motionless,    suspended    in  the 

middle  of  the  tube.     According  to  Jenkinson  (
Ent.  Mo.   Mag.,  1903 

p.  222)  the  female  pJises  herself  thus  before  
she  darts  at  and  seizes  the 

victim  in  whose  body  she  will  lay  her  eggs. 

In  view  of  their  speciaUzed  parasitic  mo
de  of  Ufe  it  is  interesting 

to  compare  these  flies  with  the  A.ilUa>  
and  Efnpidc.,  which  also  huat 

their  prey  by  sight.    In  all  three  famiUes  we
  find  b,g  eyes  set  m  a  very 

Fig.      406-PlPUNOULID      PtlPAWUM 

( xgbt.  12)  &  DiAORAM  OF  HoPPia 

TO    SHOW  POSITION    OP    PUPAEIOM 
IN  TH«  BOUV. 

{Aflur  Purkini ) 
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mobile  head,  small  antennae,  large  wings,  and  particularly  strong  legs 

with  well-developed  clawed  feet ;  all  these  structures  are  helpful  in 
detecting  and  seizing  a  victim.  Pipunculids,  however,  want  merely  to  lay 
eggs  in  their  victims,  while  Asilids  and  Empids  require  theirs  for  food, 

and  this  difference  in  habit  is  reflected  in  the  differing  structure  of 
the  mouthparts,  which  are  large  and  beak-like  in  the  two  predaceous 
families,  but  are  extremely  small  and  ill-developed  in  Pipunculids.  The 
Pipunculid  ovipositor,  on  the  other  hand,  is  particularly  well  d&veloped, 
being  large  and  strong,  a  sharp  curved  piercing  organ.  The  family  is  small 
but  widespread,  comprising  practically  only  one  genus  {Pipunculus) 
of  any  importance,  and  of  this  perhaps  a  hundred  species  are  known. 
Kertesz  catalogued  the  species  known  up  to  1900  (Termesz.  Fuzetek, 

XXIV).  Becker  has  monographed  the  European  forms  (Dipterologische 

Studien  V.  Berl.  Ent.  Zeit.  1897),  and  Verrall  ("  British  Flies  ")  gives 
full  information  as  to  British  species,  while  Perkins  has  since  then 
described  a  large  number  of  new  species  from  Hawaii  (Hawaiian  Expt. 
8ta.  Bull.,  1  Pt..  4.  Div.  Ent.,  1905)  and  from  his  paper  figs.  403  and 
404  are  copied.  Brunetti  (Rec.  Ind.  Mus.)  has  described  some  Indian 

species,  but  little  is  yet  known  in  this  country  of  the  family  as  a  whole  ; 
they  are  by  no  means  rare,  and  observations  on  their  life-histories  would 

be  of  much  interest.  An  undetermined  species  is  figured  on  PI.  LXV. 

CYCLORHAPHA.  SCHIZOPHOBA. 

MUSCOIDS.* 

Antennw  S- jointed,  the  third  joint  simple  and  bearing  a  bare  or  hairy 
dorsal  arista.  Frontal  Suture  present.  Proboscis  generally  short 
with  broad  lahella,  sometimes  pointed  and  horny  {as  in  Stomoxys), 
occasionally  absent  or  rudimerUary  (as  in  Oestrida).  Palpi  never 
jointed.  Never  more  than  one  svhmarginal  and  three  posterior  cells  ; 
marginal  and  submarginal  cells  never  closed ;  basal  cells  small ;  2nd 
basal  sometimes  not  separated  from  the  discdl.  Suboosta  sometimes 
only  indistinctly  separated  from  R,.    The  empodium  smaU  or  absent. 

Under  the  term  ' '  Muscoids. ' '  we  include  a  vast  number  of  flies  of 
which  the  true  Musddcs  (the  house-flies  and  their  nearest  relations)  . 

*  We  shall  speak  Of  the  suU-diviBionB  of  the  MuBOoids  (e.g.,  the  "  Anihomyidf," 
•' Trypetidte,"  kc.)  as  " lamilie*,"  giving  them  the  termination  "  wte,"  but  it  Bhgidprhe 
realised  that  they  do  not  compare  in  deflnitenesg  of  dislinction  with  anoh  tru»|nndKBs, 
for  instanoei  the  Tabaniia  or  Ptyohodidif,  and  it  is  only  for  conTenietto^ljjg|A' they contain  to  many  species  that  they  are  commonly  given  a  rank  above  "  Sob 
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Acalyptrate  manner  in  roots  ot  plants  and  similar  places,  we  have 
here  included  the  Anthomyiids  among  the  Acalyptrates,  for  the 
convenience  of  the  student.  Probably  the  family  is  really  best  placed 

by  itself,  in  a  distinct  division  intermediate  between  Acalyptrates  and 

Calyptrates. 

As  a  general  rule  the  flies  in  the  first  big  group  (the  Acalyptrates) 
are  small,  often  very  small.  The  extremely  common  little  flies  which 

are  so  often  seen  hovering  about  a  plate  of  bananas  or  othw  fruit  are 

typical  Acalyptrates  {Drosophilidm).  The  adult  Acalyptrate  flies  are 

usually  harmless,  and  a  large  number  of  the  larvee  are  beneficial,  feed- 
ing on  decaying  vegetables  or  in  dung,  and  thus  acting  as  scavengers. 

On  the  other  hand,  many  of  the  larvee  live  in  the  stems  or  fruits  of  plants, 

or  are  leaf-miners,  and  sometimes  do  much  damage. 

The  flies  in  the  second  big  group  (the  Calyptrates)  are  often 

medium-sized  or  rather  large  flies,  most  of  them  with  a  strong  family 

likeness  to  the  common  House-fly  or  the  Blue-bottle,  both'  of  which 
are  typical  Calyptrates.  A  large  number  of  the  larvee  are  scavengers, 
especially  the  Muscidm  and  Sarcophagidai,  and  the  maggots  of  both 
these  families  sometimes  breed  in  living  flesh,  as  in  cases  of  Myiasis  : 

the  commonest  mode  of  life  among  the  Calyptrates,  however,  is  that 

of  parasitism,  and  this  is  practically  universal  among  the  Tachi- 
nidce  and  Oestridw.  The  pecuniary  loss  caused  every  year  by  the 

attacks  on  cattle  of  the  larvae  of  the  ' '  Warble-flies  ' '  (OestridcB)  must 
be  very  considerable.  The  ravages  of  the  other  two  families  are 

happily  almost  entirely  confined  to  insects,  the  larvee  feeding  especially 
on  living  caterpillars,  and  constituting  an  invaluable  check  on  the 

numbers  of  the  latter  ;  only  in  such  a  case  as  that  of  the  silk-worm, 
which  forms  the  prey  of  a  certain  Tachinid  larva,  is  this  most  useful 

habit  to  be  regretted  by  mankind,  and  in  this  case  it  is  mankind's  own 
fault  for  domesticating  the  silk-worm.  The  few  '•  biting  "  flies  among 
the  family  Muacida  have  a  very  special  interest  in  view  of  the  part  some 

at  least  of  them  play  in  sprea^ng  among  men  and  animals  diseases  due 

to  those  minute  blood  parasites  called  "  Trypanosomes,"  while  the 
danger  of  infection  of  food  with  enteric  and  other  germs,  owing  to  the 
presence  in  kitchens  and  houses  of  flies  which  habitually  settle  on  dung 
and  other  filth,  though  at  present  not  fully  realised,  has  been  proved  to 
be  »  real  and  serious  one. 
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form  only  an  inconsiderable  portion.    The  whole  group  is  sometimes 
also  known  as  Muscaridee,  MuBcida^   or  as    "  Muscidse  sensu  lato'' 

{sensu   lata    meaning    "  in  a 
wide  sense,"   or    "speaking 

broadly")    as    opposed    to 

"  MuscidsB  sensu  stricto,"  i.e., 
the  family  Muscidm  (House- 
flies,     etc.).        The    primary 

division    of     this     unwieldy 

assemblage  of  species  is  based 

principally  on  the    distance 
between   the  eyes  in  the  male 

as  compared  with  the  female, 

the  size  of   the  squamso,    and 

the  shape  of   the  1st  posterior 

cell.    This  gives  us  two  large 

groups.    In  the  first  the  eyes 
in  both  sexes  are  vride  apart, 

the  ist  posterior  cell  is  almost 

always   quite   open,  and  the 

squama'   (especially  the  lower 
squama,    occasionally    called 

a    ' '  calyptron  " )  are  generally   very  small  or  absent.    These  are  the 
Acaly pirate  Muscoids.    Many  of  them  are  injurious  to  plants. 

In  the  second  large  group  the  eyes  in  the  male  are  nearer  together 
than  in  the  female;  the  ist  posterior  cell  is  almost  always  much 

narrowed  or  closed,  and  the  squamsp  are  large  and  well  developed.  These 

are  the  Calyptrate  Musroids.    Many  of  them  are  injurious  to  animals. 

The  view  most  generally  taken  is  that  the  Acalyptrates  represent 

a  less  highly-specialised  condition  than  do  the  Calyptrates.  The  two 

groups  are  certainly  closely  related,  and  though  the  family 
AnthomyiidcB  is  generally  included  in  the  Calyptrates,  because  the 

squamse  are  well  developed  and  the  male  eyes  are  frequently  near 

together,  it  has  the  Ist  posterior  cell  quite  open  as  in  Acalyptrates, 

and  in  some  other  respects  shows  that  there  is  no  real  line  separating 

the  two  divisions.  Because  of  this  open  Ist  posterior  cell,  a  character 

easily  recognised,  and  also  because  many  of  the  larvse  live   after   the 

Fig.    407— Heaij    of    MtJscoii)     kly    (fkom 
TOWNHBND).  V.  VPKTBX.  K.  FKONT.  L.  FHON- 
TAI,  LUNULE  h.  FKONTALSUTUKK.  A. 'IHIRD 
.JOINT    OF    ANTENNA.      PI,.    PALPI       P.    PRO 
nosciH. 
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generally  not  reaching  as  far  as  the  middle  of 

the  wing. 

1 .  2nd  Basal  and  Discal   cells  not   separated   by  a 

cross- vein. 

Small  generally  yellowish  or  black  flies,  fre- 

quently caught  by  sweeping  grass.  Sub-costa 
absent.  Fronto-orbital  bristles  and  vibrissee 

usually  absent  ;  anal  cell  absent  . .     Chloropids. 

Small  often  greenish-grey  or  brown  flies  found 

on  or  near  water  ;  predaceous,  mouth-opening 
often  very  large.  No  vibrissse,  and  anal  cell 

absent  or  indistinct.  Fronto-orbitals  frequently 

present.    Sub-costa  absent  . .  . .     Ephydrids. 
2.  2nd    fiasal    and    Discal    cells    nearly     always 

separated  by  a  cross-vein. 
Small  often  grey  or  silvery  flies,  as  a  rule 

vibrissas  present.  Aristal  hairs  never  very 

long.  2nd  basal  and  anal  cell  often  very 

small,  but  distinct,  cross-veins  generally  near 

together 

Often  fair-sized  fruit-flies,  partly  coloured  yellow, 

wings  with  dark  marks  or  spots.    Lower  fronto- 

orbitals  present.    Sub-costa  turning  up  sharply 

and     ending    indistinctly    before    joining    the 

costa.   No  vibriss  v  or  pre-apical  bristles.    Anal 
cell  very   often   drawn    out  into  a  long   point. 

Ovipositor  rather  long  . .  . .     Trypetids. 

Not  very  small  flies.     Abdomen  generally  black, 

long,  oval  in   shape.    Subcosta  more    or    less 

fused   with   R,  :     Antenna^    sometimes    long. 
Vibriss  le  absent.    Anal  cell  not  drawn  out  into 

a  point  . .  . .  . .  . .     Psilids. 

B. — Sub-costa  present,   distinct,  ending  distinctly  in 
costa.  B,  generally  reaches  at  least  as  far  as 

the  middle  point  of  the  costa. 
1.    YibrisBse  absent. 

Agromyzids. 
(Geomyzids). 
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Wings  sometimes  clouded.  Mostly  shiny  black 
or  yellow  flies.  Head  broad ;  1  or  2  fronto- 
orbitals.    Anal  cell  rounded 

Wings  nearly  always  spotted  or  marked.  Only 

upper  fronto-orbitals,  and  no  preapical  bristle. 
Ovipositor  horny.  Anal  cell  ijenerally  more  or 
less  pointed 

Wings  often  marked  or  spotted.    Fronto-orbital 

sometimes  present.    Preapical    present.    Ovi- 

positor  not  horny.    2nd  antennal    joint  gen- 
erally long.    Frequent  damp  places 

2.     Vibrissae  present. 

Small  flies  with  rather  long  bodies,  the  anterior 

and  posterior  cross-veins  quite  near  together, 
Ri  not  reaching  to  the  middle  of  the  wing 

Costa  with  short  hairs  and  long  bristles,  tibia^ 
with  spurs  and  preapical  bristles    .  . 

Generally  bristly  grey  or  blackish  flies,  often 

predaceous  and  found  about  excrement  or 

near  water.  Abdomen  a  little  elongated, 

having  at  least  .')  visible  segments.  No  costal 
spine.  Lower  squama  small,  often  not  visible 

from  above.    Male  &  female  eyes  wide  apart 

Blackish,  grey,  or  brownish  flower- flies  with 
abdomen  of  not  more  than  4  or  5  visible 

segments.  The  lower  squama  large  as  a  rule, 

rarely  hidden  by  the  upper.  Male  eyes  gen- 
erally closer  than  female  ;  arista  variable 

CALYPTRATBS 

Arista  almost  always  with  hairs  along  its  whole 

length  at   least  on    one  side,   basal   part   of 
abdomen  not  bristly 

Arista  bare  on  the  distal  and  hairy  on  the  basal 

part ;  basal  part  of  abdomen  rarely  bristly  . . 

Arista    bare  along    its  whole   length,  abdomen 

often  very  bristly 

Sapromyzids. 

Ortalids. , 

Kciomyzids. 

Heteroneurids. 

Helomyzids. 

Cordylurids. 

Anthomyiids. 

Muscids. 

Sarcophagids. 

Tachinids. 
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The  classification  of  both  Acalyptrates  and  Calyptrates  is  in  an  un- 
settled condition,  as  various  authorities  interpret  in  different  ways  the 

systematic  value  of  the  sub-divisions  and  assign  them  different  limits. 

The  boundaries  of  the  "families  "  are  of  an  indefinite  nature,  and  correct 
identification  is  often  a  matter  of  very  considerable  difficulty.  The 

table  given  below  will,  however,  enable  the  student  to  arrange  in  order 
the  majority  of  the  Muscoids  with  which  he  is  likely  to  meet. 

ACALYPTRATES 

Hymenopterous-looking  flower-flies,  usually  of  a 
fair  size,  with  broad  head  and  generally  long 
antennae  proboscis  and  abdomen,  the  latter 

swollen  at  the  end.  1st  posterior  cell  distinctly 

narrowed  or  closed  . .  . .  . .     Conopids. 
Flies  with  very  long  awkward  legs,  long  body, 

Ist  posterior  cell  narrowed  or  closed.  Wings 

gejjerally  with  dark  markings         . .  . .    Micropezids. 
Small  shiny  black  purple  or  orange  coloured  flies 

with  narrow  waist,  generally  found  near  excre- 
ment.   Wings  often  with  a  spot    . .  . .    Sepsids. 

Eyes  on  horn-like  projections  . .  . .    Diopsids. 
Small  bare  flies  with  thickened  femora  and  very 

large  scutellum  . .  .  •  .      Rhopalomerids . 

Look  like  ChrysomeUd  beetles  . .  . .    Celyphids. 
Small  sea-shore  flies  with  flat  horny  thorax  and 

bristly  head      . .  . .  . .  . .    Phycodromids, 
Small  dung-flies  with  1st  hind  tarsal  joint  flat  and 

shorter  than  the  2nd,  and  with  characteristic 
venation  . .  .  . .  • .     Borborids. 

Small  decay-flies  with  arista  plumose  on  the 
upper  side  (generally  with  only  a  few  long  hairs), 
and  the  lowest  bristle  on  the  front  pointing 
downwards        . ,  . .  . .    Drosophilids. 

Not  as  above. 

A.-- Sub-costa  entirely  absent  or  incomplete,  or  not 

having  its  junction  with  the  costa  distinct.    B| 
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Body  nearly  bare,  or  furry,  head  and  face 

rather  large,  mouth-parts  and  antennee  very 
small  . .  . .  . .  . .     Oestrids. 

We  have  included  Oestridw  among  calyptrate  muscoids,  though 

they  are  better  regarded  as  a  separate  group,  originally  composed  of 
several  muscoid  types  and  now  much  specialised  for  a  parasitic 
existence. 

CONOPID^. 

Rather  elongate  flies,  abdomen  often  with  a  distinct  waist,  the  tip  some- 
times thickened  and  turned  under.  Head  large  and  broad,  the  eyes 

well  separated  in  both  sexes.  Antennae  3-jointed,  prominent,  with  a 
dorsal  ansta  or  a  terminal  style.  A  slender,  often  jointed,  proboscis, 
wings  often  coloured  ;  anal  cell  closed  ;  1st  posterior  cell  closed  or 
nearly  closed. 

The  ConopidcB  are  unlike  most  of  the  other  acalyptrates  in  having 
the  1  st  posterior  cell  often  closed,  and  partly  for  this  reason  they  are 

frequently  classed  with  the  Aschiza  ;  they  have,  however,  a  ptilinum 
and  frontal  suture  which  indicates  that  they  are  really  Schizophora. 

These  flies  are  usually  fairly  large,  and  are  found  about  flowers, 
where  they  are  easily  mistaken  for  Hymenoptera.  Their  bodies  are 
usually  devoid  of  bristles  or  noticeable 

hairs,  but  often  bear  a  glistening  coat  of 

short  golden  pubescence,  and  are  fre- 
quently coloured  rather  conspicuously 

with  yellow,  reddish  brown,  or  black. 
Their   flight   is    not  particularly  rapid. 
„  .       „         ,  ,  f.     ,       .  Fig.  408-OONOWD    LAKVA, 
Economically  they  are  of  some  slight  in-  aftkr  bkauer  x  8. 

terest,  as  they  are  parasitic  on  Hymen- 
optera such  as  Wasps  and  Bumble-bees,  and  also  apparently  on 

locusts  (in  America).  According  to  Williston,  the  Conopid  chases 

the  bee  and  lays  an  egg  upon  its  body  during  flight.  The  larva  on 
hatching  burrows  into  the  abdomen  of  the  bee,  where  it  remains  and 

pupates,  the  adult  fly  emerging  from  between  the  abdominal  segments 
of  its  tuif ortunate  host.  As  a  rule  the  larvae  are  oval  and  rounded, 

with   distinct  segments,   on  the  last  of  which  are   two  large  round 
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stigmatic  plates  (fig.  408).  The  family  is  rather  a  small  one, 

and  its  members  do  not  seem  to  be  very  common  in  the  plains,  though 

more  frequently  met  with  in  the  hills.  It  is  not  likely  that  they  occur 

in  sufficient  abundance  to  act  as  an  efficient  check  on  the  species 

parasitized.  A  widely  distributed  Indian  species  is  shown  on 

PI.  LXV,  fig.  ]J. 
BORBORID^. 

Small  or  minute  blackish  or  brown  flies.  Antennw  short,  'ird  joint  round, 
with  a  bare  or  pubescent  arista.  Legs  rather  strongly  developed, 

hind  legs  with  first  tarsal  joint    broad    and  shorter  than  the  second. 

These  flies  are  scavengers  in  the  larval  state,  living  in  dung  and 

other  decaying  matter.    They  are  common  in   many  localities  in  the 

plains  as  well  as  in  the  hills,  and  may  some- 
times be  seen  in  great  numbers  about  their 

breeding-places.  I  have  caught  them  also  in 
the  house,  where,  owing  to  their  unpleasant 

habits  and  the  consequent  risk  of   food   infec- 
Pi(C.  409— WiN'ft    OF  BOR-  ,•  .,     •  •      .1  X    J      •      T.1 RORiD.   (X  12.)  tion,  their  presence  is  the  reverse  of  desirable, 

but  they  do  not  seem  to  be  at  all  common  in 

houses,  and  probably  this  instance  was  exceptional.  The  unusual 

structure  of  the  first  hind  tarsal  joint  makes  them  easy  to  recognise, 

and  their  venation  also  is  usually  characteristic  (fig.  407)  the  veins 

being  often  short  and  thick  and  giving  the  wing  an  appearance  which 

reminds  one  rather  of  the  Hippoboscidce.  Otherwise  the  flies  are 

generally  much  Uke  the  Ephydridw  in  colouring  and  general  shape. 

There  are  certainly  many  species  in  India,  though  Van  der  Wulp 

includes  only  one  {Limosina  puncMpennis,  Wied.)  in  his  list. 

Aqromyzivm. 

(Incliiding  Geomyzidce).  Small  or  very  small  flies  generally  blackish, 

grey,  or  silvery.  Front  broad  with  or  wiihout  bristles.  Antenna 

short,  arista  bare  or  pubescent  {absent  in  Cryptoch(Btum,  sometimes 

plumose  in  Oeomyzidce).  Anai  cell  present ;  cross-veins  often  near 

together,  posterior  cross-vein  sometime  wanting.  Vibissas  generally 

absent  in  Agromyzida,  generally  present  in  Qeomyzida. 

These  little  flies  are  often  difficult  to  distinguish  from  those  of 

neighbouring  families,  especially  the  CMoropidcB  and  Drosophilidte. 

All  three  families  are  very  abundant  in  India. 



622  DIPTERA. 

The  larvae  are  typically  leaf-miners  or  live  in  stems,  but  have  also 
been  found  in  the  galls  of  other  insects,  while  some  of  them  probably 

live  in  fungi,  and  one  Indian  species  of  the  genus  Leucojds  is  known  to 

be  predaceous,  feeding  on  scale  insects.  They  are,  like  most  of  the  larvae 

of  Acalyptrates,  small  white  maggots  with  horny  mouth-hooklets  but 
no  definite  head,  the  body  rather  thick  at  the  hind  end  and  tapering  to 

a  point  in  front.  Some  very  common  and  beautiful  flies  of  this  family 
may  often  be  seen  hovering  like  little  silver  fairies  in  and  out  «f  the 

shadow  of  tree-trunks.  They  have  the  abdomen  greyish  white  and 
shining,  like  metallic  silver  (PI.  LXVIl,  fig.  1),  and  have  been  bred 
from  larvae  found  in  stems  of  Gurur. 

There  are  three  Agromyzids  which  are  known  to  be  important  to 

the  agriculturist ;  they  are  the  Tur-pod  fly,  the  Pea-stem  fly,  and  the 
Cruciferous  Leaf-miner.  The 

Pea-stem  and  Tur-pod  flies  are 
figured  on  PI.  LXVIT,  figs.  2  &  3. 

The  latter  is  a  very  black  little  fly 

whose  eggs  are  laid  in  the  setting 

flowers  of  Tur  (Cajan'is  Indicus). 
The  larvat?  on  hatching  eat  their 

way  into  the  green  seeds,  forming 

a  ring-iike  track  round  the  seed, 
and  after  about  a  week  they 

pupate  within  the  pod,  generally 

outside  the  seeds;  the  fly  emerges 

in  a  few  days,  the  whole  life- 
history  occupying  a  fortnight  or 

less.  Affected  pods  usually  have 
a  somewhat  twisted  and  distorted 

appearance  (fig.  409).  A  slender 

blue-green  hymenopterous  para- 
site attacks  the  fly,  but  to  what 

extent  it  is  effective  as  a  check*' 

is  not  VPt  known        Thp  Ppn..af*m       ̂ 'ft-  410— PODS  OF   CAJANU8    IN  1)10(78    Al- ls not  yet  Known,     ine  rea-stem       "  ,boted  by  the  TtJK-poD  agbomyza. 
fly  is   very   similar    in  general  A  pdpabicm  is  i,yiNG  at  the  top  of •'  ■'  6         ̂   XHE  RIGHT- HA  HI)  POP. 
appearance  to  the  Tur-pod  fly 
but  is  dark   metallic  green  in  colour.    The  larvae,  which  are  of  the 

usual  type,  attack  the  stems  of  young  pea  plants  at  a  point  level  with 
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the  surface  of  the  ground,  causing  the  plant  to  wilt  and  the  stem  to 
decay.  No  parasites  have  been  found,  and  collection  and  destruc- 

tion of  affected  plants  as  soon  as  possible  after  the  pest  is  first 
observed  is  the  only  generally  applicable  remedy.  Owing  to  the 
short  period  occupied  by  the  life-history  early  action  is  necessary  if 
it  is  to  be  of  any  use.  The  larvae  of  a  third  fly.  the  Cruciferous  Leaf- 

miner,  as  the  name  indicates,  mine  the  leaves  of  Cruciferous  plants  : 

the  flies  belong  to  the  sub-family  Geomyzmo'  (often  separated  from 
the  Agromyzids  as  a  distinct  family  Geomyzidm)  and  are  grey,  somewhat 

bristly  little  flies  with  large  wings.  They  are  of  less  importance  than 

the  Tur-pod  and  Pea-stem-flies  (fig.  411). 

An  Agromyzid    {Cryftoehcetum),    remarkable  and  easily  identified 

by  the  absence  ol  the  usual  arista  on  the  third  antennal  joint,  is  an 

annoying  ' '  Eye-fly  ' ' in  jungle  at  Pusa,  but 

it  is  quit*  distinct  from 
the  more  familiar 

(Chloropid)  eye-fly 
which  is  sometimes  so 

troublesome  in  the 

house  :  nothing  is 
known  of  its  habits 

except  that  it  is  found 
often  sitting  on  stems 

and  leaves  or  in  crevi- 
Fig.  411.— Pup*  of  leaf  minino  phytomyza.    k  2.      ̂ pg  jj,  j^^p  trunks  in 

small  groups  of  half  a  dozen  or  so  individuals.  It  is  perhaps  note- 
worthy that  this  little  fly  will  live,  when  enclosed  in  a  corked  tube, 

considerably  longer  than  any  other  kind  of  fly  I  have  ever  observed. 

Drosophilid^. 

Small  chubby  fiies  often  with  large  light  red  eyes.  Svb-oosta  <Asent 
or  indistinct ;  2nd  basal  and  anal  cells  mimlly  ruA  separated  ;  anal 

cell  smaU,  indistinct  or  absent.  Vibrissce  usually  present  ;  'ird 
antennal  joint  rmmded  ;  arista  plumose,  the  hairs  generally  few  and 

long.    Lotoeat  fronto-orbital.  bristle  often  pointing  downwards. 

The  members  of  this  family  are  extremely  abundant  in  India,  and 

it  is  only  necessary  to  expose  some  over-ripe  bananas  or  other  fruit  in 
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order  to  see  them  come  hovering  round  it.  The  species  of  DroaopMla 
which  is  commonest  in  Nothern  India  is  shown  in  all  stages  on  PI.  LXVI. 

The  fly  is  interesting  as  having  what  is,  as  far  as  I  know,  the  shortest 
life-history  yet  recorded  for  any  insect  with  a  complete  metamorphosis. 
Though  most  abundant  in  the  rains,  it  appears  to  breed  all  the  year 
round.  In  one  instance  under  observation  the  flies  paired  at  8  a.m.  on 

August  31st,  remaining  coupled  for  eleven  minutes,  and  the  same  even- 

ing the  female  laid  thirty-nine  eggs  on  some  half-decayed  bananas.  On 
the  afternoon  of  September  2nd  the  male  fly  died,  and  at  11-30  a.m.  on 
the  following  day  the  female  died  also.  The  eggs  had  hatched  during 
the  evening  of  September  Ist,  the  larvse  all  pupated  on  the  4th  and  5th, 

and  on  September  7th  the  flies  emerged  :  the  whole  life-history  may  thus 
be  passed  through  within  a  week.  Such  rapid  multiplication  not  only 
quite  explains  the  abundance  of  the  flies,  but  affords  a  very  instructive 
example  of  the  effective  working  of  those  conditions  and  influences 

which  together  make  up  what  is  called  the  "  balance  of  nature  "and 
tend  to  prevent  the  too  great  increase  of  any  one  species  of  animal.  We 
will  assume  that  these  flies  have  thirty  broods  a  year,  each  brood 
consisting  of  forty  eggs,  of  which  all  develop  to  maturity,  half  males  and 
half  females  ;  a  simple  calculation  will  show  that  at  this  rate  the 

progeny  of  a  single  pair  would  at  the  end  of  a  year  reach  an  appalling 
number.  If  they  were  packed  tightly  together  so  that  each  cubic  inch 

of  space  contained  a  thousand  of  them,  they  would  very  easily  cover  the 

whole  of  India,  from  Kashmir  to  Cape  Comorin,  from  Karachi  to  Cal- 
cutta, with  a  solid  cake  of  flies  a  hundred  million  miles  thick,  or  would 

coat  the  whole  world  with  a  layer  of  insects  a  million  miles  in  depth. 
And  yet  as  it  is  we  do  not  particularly  notice  them. 

Owing  to  their  fondness  for  fruit  they  are  sometimes  taken  to  be 

harmful  fruit-flies  by  those  who  do  not  know  theb  habits,  but  they  are 
in  reality  beneflcial,  as  they  seem  never  to  lay  eggs  in  any  but  bruised 

or  over-ripe  fruit.  The  eggs  themselves  are  beautiful  objects,  and  the 
curious  horns  or  procesj^  which  they  possess  appear  to  act  either  as 

breathing-tubes  or  as  supports  to  prevent  the  egg  from  sinking  too  deep 
in  the  decaying  pulp  in  which  it  is  usually  laid.  The  Indian  species  have 
not  been  studied ;  the  genera  known  to  me  at  present  are  Dro8oj>hila, 
Cwtonotum,  and  Aateia,  the  first  two  including  most  of  the  commoiv. 

forms.    Cwrtonotum  is  very  common  in  the  hills.    The  fact  that  some 
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Drosophilids  breed  in  dung  and  other  filth,  and  are  fond  of  sitting  on 
or  near  it,  render  them  liable  to  carry  disease  germs  and  so  infect  food. 

The  interesting  discovery  has  recently  been  made  that  a  Droaophila 

harbours  trypanosome-like  parasites  (Chatton  and  AUilaire,  Comptes 

Bendus  del' Acad.  Rci.  Fr.  1908).  Several  other  insects  are  known  to 
harbour  microscopic  protozoal  parasites  more  or  less  similar  to  those 

which  cause  various  diseases  of  warm-blooded  animals,  a  fact  which 
should  be  taken  into  account  in  any  researches  on  the  transmission  of 
disease  through  the  agency  of  insects. 

EpHYDRIDjB. 

Small  greyish  or  browmish  flies.  The  round  mouth -opening  and  the 
head  often  large.  ArUenncB  short,  arista  bare,  or  pectinate  on  the 
upper  side.    Anal  cell  rudimentary,  discal  and  2nd  basal  united. 

The  family,  while  economically  of  some  slight  importance  owing  to 
the  fact  that  the  adult  flies  are  predaceous  and  abundant,  is  interesting 
beoaube  of  the  often  curious  shape  and  mode  of  life  of  the  larvae.  These 
are  found  in  decaying  vegetable  stuff,  in  dirty  and  stagnant  water,  in 
salt  or  brackish  pools  (sometimes  in  countless  numbers),  and  even  in 

waters  so  charged  with  alkaUne  salts  as  to  be  apparently  uninhabitable 
for  other  living  animals,  the  larvae  and  pupee  occurring  in  such 
extraordinary  abundance  in  this  unpromising  situation  that  they  were 
largely  used  by  the  natives  of  the  country  for  food  (Williston). 

As  in  several  other  predaceous  insects,  some  of  these  flies  (the  genus 

Octhera,  which  occurs  throughout  Northern  India)  have  the  front  femora 

very  large  and  flat,  the  lower  edge  being  armed  with  rough  spines  which 
hold  fast  the  prey,  while  the  fly  sucks  its  juices.  PI.  LXVII,  fig.  4, 
shows  a  species  of  Brachydeutera  which  is  apparently  common  all  over 
Northern  India,  the  eggs,  larvae,  and  pupae  being  found  in  tanks  and 

puddles,  on  whose  surface  the  adult  flies  walk  about  seeking  the  small 

insects  on  which  they  feed.  The  larvae  are  vegetable-feeders,  and  the 
family  is  thus  a  distinctly  beneficial  one,  the  larvae  being  scavengers, 
the  adults  insect-killers ;  I  have  seen  even  small  Tabanid  larvae  attacked 

and  destroyed  by  these  flies  The  curious  form  of  the  pupa  shows  in 

an  exaggerated  degree  a  type  similar  to  that  exhibited  by  certain 

Drosophilid  pupae,  and  the  Ephydridm  are  closely  related  to  this  family. 

Although  only  three  Indian  species  (Notiphila  fasciata,  Wied.,  N.  afbi- 

ventris  and  N.  indica,  Wied.)  are  included  in  Van  der  Wulp'a  catalogue, 
TO  40 
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there  are  really  a  large  number,  and  the  remarkable  forms  and  habits 

of  many  of  the  larvsp  should  make  the  study  of  the  Indian  Ephydrids 
an  interestine  one, 

Becker's  monograph    (Dipterologische     Studien    IV.    Ephydridse 
Berlin  Ent.  Zeit.  1896)  gives  full  information  about  this  family. 

Chloropid;b. 

Small  nhining  dark-rolovred    or    i/eVomsh     flies.    Head    hemisfitericdl . 

Vibrissa'  generally     absent.    Front  broad,  sometimes  with  bristles  at 
the  vertex.    Disral  and   2nd  basal  cell  united.    No  distinct  anal  cell. 

Wings  and  legs  short.    No  preapiral  bristle  on  the  tibicB. 

The  members  of  this  family  sometimee  do  considerable  damage  in 

Europe  and  America  by  the  larvee  burrowing  in  the  leaves  of  sugar-beet 

Fig.  4l'J— Lak\a,   Pupa  (c)  and  imaoo  ok  Oscixih  thbjE, WITH  MiNBD  Tea  Lrat. 

{From  Inii  Mui.  Noltf.) 

or  in  the  stems  of  wheat,  oats,  and  other  grain  crops,  while  some  inhabit 

galls  on  the  stems  of  grasses.  The  duration  of  development  from  egg  to 

imago  is  given  by  Howard  in  the  case  of  an  American  Chloropid  as  about 

three  weeks.  The  flies  are  common  in  the  plains,  and  though  stem- 

boring  Chloropids  are  not  yet  known  seriously  to  damage  Indian  cereals, 

cases  of  such  damage  will  not  improbably  be  found  occasionally  to  occur. 

Insects  of  this  type  are  extremely  difficult  to  deal  with,  since  if  the  fly 

once  succeeds  in  laying  its  eggs  nothing  can  save  the  plant.  Failing  the 

presenee  of  eflicient  parasites  little  can  be  done  save  early  removal  and 
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larva  lives  in  the  watery  tissue  of  the  swathing  leaves  round  the  stem  of 

plantain-trees  and  under  sissoo  bark,  and  is  remarkable  for  the  pattern 
of  its  posterior  spiracles.  The  larvae  of  this  fly  were  utilised  by  a  native 

' '  doctor  ' '  at  Pusa  in  a  rather  interesting  way.  The  man  has  a 
considerable  reputation  in  the  district,  due  to  his  success  in  curing 
cases  of  tooth-ache  and  similar  ills.  A  violent  attack  of  tooth-ache 

(simulated  for  the  occasion)  gave  an  excuse  for  requiring  his  services. 

The  treatment  consisted  in  rattHng  a  small  stick  round  the  patient's 

mouth  ;  the  operator's  unemployed  hand  (closed)  meanwhile  rested  above 

a  cloth  spread  on  the  patient's  knees  ;  at  the  psychological  moment  the 
hand  quietly  opened  and  the  patient's  attention  was  then  directed  to  the 
fact  that  the  maggots  which  had  been  the  cause  of  his  pain  were  success- 

fully removed  and  lay  exposed  on  the  cloth.  The  operator  added  that 
he  believed  one  obstinate  maggot  still  remained  in  the  tooth,  and  that 
this  would  probably  necessitate  a  repetition  of  the  treatment  at  a  later 

date.  Similar  but  rather  less  crude  methods  are  adopted  by  Chinese 
practitioners  in  the  neighbourhood  of  Bombay.  They  pretend  to  suck 
out  the  maggots  from  the  affected  part,  using  a  small  bamboo  tube. 
Through  the  kindness  of  Captain  Liston  and  Dr.  Surveyor  1  got  an 
opportunity  of  examining  some  of  these  maggots,  and  found  them  to 
be  Cecidomyiids,  apparently  from  galls. 

CbLYPHIDjE. 

SciOeUum  immensely  enlarged,  covering  the  wings  and  abdomen. 
Antennce  hng,  arista  flattened. 

These  insects,  owing  to  the  remarkable  size  of  the  scutellum,  look 
very  unlike  flies,  and  have  more  the  appearance  of  small  round-backed 
beetles.  The  scutellum  and  general  surface  of  the  body  is  smooth,  with 
a  more  or  less  metallic  coloration,  and  this  increases  the  resemblance. 
The  structure  of  the  antennae  and  of  the  abdomen  is  also  curious. 
The  flies  appear  to  be  not  uncommon  in  some  parts  of  the  plains  and  are 
generally  found  among  grass.  "Nothing  at  all  is  known  of  their  life- 
history,  or  of  the  advantages,  whether  protective  or  otherwise,  of  their extraordinary  structure. 

Four  species  are  recorded  from  India,  all  belonging  to  the  genus 
Cdyfhus.    PI.  LXVII,  fig.  6,  represent  Cdyphus  fiiscipes,  Mq. 
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destruction  of  affected  plants  and  the  clearing  of  any  neighbouring  jungle 
or  grass  such  as  might  form  a  breeding  place  for  the  flies.  Larve 
which  live  in  the  stems  of  plants  are  naturally  liable  to  remain  unnoticed, 
and  the  effects  due  to  their  presence  may  be  ascribed  to  some  other 
cause.  Some  Chloropid  larvae  are  scavengers,  living  on  decaying  vege- 

table matter  or  on  plants  previously  burrowed  or  wounded  by  other 
insects,  and  Oadnis  thece  is  recorded  as  having  been  found  damaging  tea 
by  mining  the  leaves.    (I.  M.  Notes)  (fig.  412.) 

One  of  the  Indian  Chloropids  has  a  habit  of  hovering  in  an  annoy- 

ing manner  just  in  front  of  one's  eyes,  and  is  known  as  the  "  eye-fly." 
It  is  a  minute  shiny  dark-coloured  fly,  which  seems  to  be  particularly 
fond  of  clinging  to  hanging  strings  and  ropes.  It  is  not  unusual  to  see 
several  hundred  of  them  on  a  few  inches  of  string  hanging  from  a 

"  chick,"  and  with  the  aid  of  a  duster  or  a  killing-bottle  it  is  easy  to 
destroy  the  entire  swarm  ;  in  Europe  members  of  an  allied  genus  (Chlo- 

rops)  are  also  known  occasionally  to  congregate  in  vast  numbers  in  par- 
ticular chosen  spots.  A  fly  similar  to  this  eye-fly  is  a  serious  pest  in  the 

Southern  States  of  America,  numbers  of  them  getting  into  the  eyes  of 
domestic  animals,  and  they  are  held  in  great  measure  responsible  for 

the  spread  of  a  disease  of  the  eyes  which  at  times  is  extremely  prevalent 
among  children  in  those  districts  where  the  fly  is  abundant.  It  is  said 
that  in  the  Fiji  Islands  the  spread  of  a  serious  eye  disease  is  recognised 

by  the  European  residents  as  being  due  to  the  agency  of  "  gnats  ", 
against  whose  attacks  they  protect  themselves  by  wearing  veils,  but  to 

what  family  the  '*  gnats  "  belong  is  not  mentioned.    (L.  0.  Howard.) 
Species  belonging  to  genera  allied  to  Elaehifptera  and  Chlorops  are 

Fig.  413— Antennae  of  Eiaohvitbiia  (?) 

very  common  in  India.  Their  antennse  are  often  horn-like  (fig.  413) 
and  they  are  coloured  in  some  pattern  of  yellow  and  black ;  they  can 

always  be  found  by  sweeping  grass,  in  whose  stems  their  larvae  probably 
live. 

The  stages  of  a  pretty  little  Chloropid,  belonging  to  a  genus  doeely 
related  to  Chhropa    (Merochlorops  ? ),   are  shown  on  PI.  LXVI.    The 
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Vim.  414— DlOPHlD   (HI'HYUACB 
PHALA  HKAKHGYANA)  X  6. 

DiOPSIDJB. 

Sides  of  the  head  drawn  out  into  hom-lihe  j)rojection8  which  bear  the 
eyes.    Front  femora  thickened. 

The  remarkable  structure  of  the  head  makes  this  small  family  very 

easy  to  recognise.    One  species  (fig.  41 4)  is  commonly  met  with  in  the 
plains,  sitting  about  on  leaves  in  shady 
places,  but  as  in  the  case  of  the  Celi/phidcB, 

nothing  is  known  of  the  life-history.  The 
exaggerated  distance  between  the  eyes  may 

very  probably  give  the  insect  increased 
accuracy  in  judging  distances,  just  as 

"  prismatic  "  field-glasses  give  an  enhanced 
stereoscopic  effect,  owing  to  the  outer  lenses 
being  at  a  greater  distance  apart  than  the 
eyes  of  the  user,  and  this  accuracy  might  be 
useful  if  the  animal  were  predaceous  ;  the 

possibility  that  such  may  be  its  mode  of  life  is  also  suggested  by  the 
structure  of  the  front  femora,  which  is  similar  to  that  seen  in  several 

predaceous  flies.  Fig.  414  represents  the  commonest  species  of  N. 
India,  and  another  species  is  shown  on  PI.  LXVII,  fig.  7. 

PSILID.*. 

No  vibrisscB.  AnlenncB generally 

long.  Louxr  frorUo-orhital 
bristles  absent.  Abdomen 

rather  long  and  thin.  Legs 

rather  long.  Siib-rosta  ab- 
sent, 1st  posterior  cell  not 

narrowed.  No  prea/ncal 
bristle  on  the  tibice. 

Very  httle  is  known  of  this 

family,  beyond  the  fact  that 

some  of  the  larvae  live  in  gal' 
or  in  the  roots  of  plants.  Only 
one  Indian  species  is  on  record, 
and  the  flies  do  not  appear  to 
be  very  common,  the  larvae  are 

Pig.  419— PUUD    BRRU  rsoH  TIL.  X  8. 
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slender,   with   the    posterior   spiracles    dark  coloured    and    somewhat 
raised. 

The  fly  shown  in  fig.  415  has  been  reared  from  larvae  found  in  the 
bark  of  Til  {Sesamum  mdicum). 

Hevsioje. 

Head  round,    proboscis  and    antennce  usually  short.    Abdomen    slender, 
narrou'    at  the  waist.    Male  genitalia   prominent.    Basals  and  anal 
cell  distinct.    Sub-cmta  present  or  absent. 

The  majority  of  these  small  flies  are  easily  recognised  by  their  form 
and  colour.  They  are  yellowish,  shining  black  or  dark  metallic  purpUsh 

brown  in  hue,  and  the  abdomen  is  thin  at  the  waist,  its  extremity  being 

considerably  thicker  and  generally  bent  downwards  (PI.  LXVII,  fig.  8). 
The  wings  often  have  a  dark  spot  near  the  tip.  The  larvse  jump  like 

those  of  Trypetidce,  by  fixing  their  mouth-hooklets  in  two  small  notches 

at  the  tail-end  and  suddenly  releasing  them  with  a  jerk,  which  may 
propel  the  animal  for  six  or  eight  inches.  They  are  scavengers,  Uving  in 
dung  or  other  decaying  matter,  and  the  flies  may  commonly  be  found  in 

abundance  about  these  breeding- places ;  they  have  a  habit  of  raising  and 
lowering  their  wings  as  they  walk,  in  a  way  that  conveys  an  impression 
of  daintiness  and  affectation  amusing  to  those  who  know  their  real 

tastes  and  habits.  In  Europe  and  America,  where  cheeses  are  popular 
and  smoked  or  dried  meat  is  often  stored  in  large  quantities,  flies  of  the 

genus  Piofhila  (whose  larvse  are  known  as  "cheese-hoppers")  often 
do  very  considerable  damage  to  these  articles  of  food.  The  larvae  and 

puparium  are  of  the  usual  Muscoid  type,  the  larva  smooth,  thick,  and 
blunt  at  the  tail  end,  and  tapering  away  to  the  head,  the  puparium 

roughly  the  size  and  shape  of  a  small  brownish  grain  of  rice,  its  surface 

rather  winkled.  The  whole  Ufe-history  occupies  about  three  weeks  or 
rather  less. 

The  common  Indian  species  mostly  belong  to  the  genus  Sepsis 
(Brunetti,  Ind.  Mus.  Records),  and  the  flies  are  very  common  everywhere, 

though  less  so  in  the  plains  thaft  in  the  hills.  In  any  hill-station  they 
can  be  found  in  very  great  abundance  and  would  constitute  a  serious 

danger  to  the  health  of  the  inhabitants  were  they  not  fortunately 

essentially  "  out-door  "  flies.  If  they  were  in  fhe  habit  of  settling  on 
food  in  kitchens  or  elsewhere,  their  custom  of  walking  about  on  fresh 

duug  would  be  sure  very  often  to  result  in  infection  of  the  food  with 
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The  flies  are  as  a  rule  easily  recognised  from  the  above  description, 
the  only  ones  with  which  they  are  liable  to  be  confounded  being  the 

Fig.   417— WlNO  OF'J'KYl'Kllb  hHOWINU  TH14 
INDISTINCT  SUBOOSTA. 

(Aflw   ImhU).     x16.) 

OrtaUdw.  In  these  latter,  however,  there  are  no  frouto- orbital  bristles 

{i.e.,  the  front  is  not  bristly  all  the  way  down  the  sides),  the  sub-costa 

runs  into  the  costa  at  an  acute  angle,  not  a  right  angle,  and  is  not  indis- 

tinct at  tlip  junction,  while  the  anal  cell,  though  large,  is  often  very  in- 
distinct. The  family  is  of  importance  because  it  contains  the  bulk  of  the 

"  Fruit-flies,"  whose  larvae  by  their  presence  often  render  uneatable  the 
mangoes,  peaches,  oranges,  melons,  gourds  and  the  fruits  of  various 
other  cuourbitaceous  plants  in  which  they  are  most  usually  found.  In 
other  countries  Ceratitis  capitata  is  a  very  serious  pest  of  oranges  and 
other  fruit,  but  does  not  occur  in  India,  though  an  allied  species  has  been 

found  in  the  North-West  and  in  Bombay.  In  this  genus  {Cera*  'ia)  the 
males  have  on  the  head  two  long  bristles  with  broad  leaf -like  tips.  The 

ordinary  Indian  Fruit-flies  belong  to  the  genus  Dooms,  and  there  are  some 
half-a-dozen  species  which  have  attracted  notice  owing  to  damage  inflicted 
on  fruits  in  various  districts,  the  troublesome  species  of  fly  varying 
with  the  locality  and  to  some  extent  with  the  time  of  year.  All  the 

commoner  species  of  Dacua  have  a  strong  family  likeness,  being  yellow 
or  reddish  yellow  with  more  or  less  of  dark  greyish  black,  the  dorsal  part 
of  the  thorax  being  frequently  blackish,  often  with  yellow  marking. 
The  general  type  of  colouring  call  be  seen  on  PI.  LXVI  which  represents 

Dacua  diveraus,  Coq.  The  life-history  of  Fruit-flies,  speaking  generally, 

is  as  follows  : — ^the  long  white  eggs  are  laid  just  under  the  skin  of -the 
fruit  by  means  of  the  long  horny  ovipositor  possessed  by  the  female ; 
they  hatch  in  two  or  three  days  and  the  young  maggots  tunnel  into 
the  fruit  and  continue  eating  for  a  fortnight  or  so ;  they  then  as  a 
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disease  germs,  but  we  have  only  occasionally  found  them  numerous  in 
and  about  cooking-places. 

MiCROPEZIUjK. 

Fairly  large  flies,  the  body  and  legs  generally  very  totigr  and  slender,  the  face 

retreating  in  profile.    Sub-costa  present  or  absenit,  anal  cell  inesewt.    Ist 
posterior  cell  usually  narronvd  or  closed.    Wings  often  marked  or  spotted. 

Very  little  is  known  about  these  curious  and  uhgainly-lodkiug  flies, 
although  a  considerable  number  of  species  have  been  described,  of  wliich 

^  -^  some  half  a  dozen  are  recorded  as  having 
been  met  with  in  India.  Nothing 
seems  to  have  been  known  hitherto 

of  the  hfe-history  of  any  member  of  the 

family,  but  fig.  41f)  shows  the  larva  and 

pupa  of  a  Calobata  (PI.  LXVII,  fig. !)), 
which  has  been  bred  from  the  decaying 

roots  of  ginger  plants  which  had  been 

attacked  by  a  fungus-disease.  The 

elongated  reddish  pupse  were  frequent- 
ly found  deep  in  the  root,  lying  in  long 

tunnels  eaten  by  the  larva,  and  along 

these  tunnels  the  imago  made  its  way 

to  the  surface  on  emerging.    The  flies 

Fig.416-LAi<vA  AjiDPri-AOFCALOB-are  generally    found   in  rather  damp 
ATA  KROM  (JiNOKK     X  8  ^j^^j^  pj^^^^  gj^^ing  and  walking  about 

on  leaves  and  grass-stems,  and  they  have  the  habit  of  holding  the  forelegs 

straight  out  in  front  of  the  head  like  antenna?,  somewhat  as  in  Chirono- 
midcB  and  some  Ortahdce.  There  is  a  structure  on  the  front  femora  which 

may  possibly  be  some  kind  of  sense-organ  and  be  connected  with  this  habit. 

TRYPEriD*. 

Flies  of  moderate  or  rather  small  size,  often  more  or  less  marked  with 

yellow.  No  distinct  vibrissa.  Head  hemispherical,  front  broad  mth 

lower  fronto-orbital  bristles  near  eye-margins.  Female  ovipositor 

usuaUy  projecting.  Sub-costa  runs  into  casta  more  or  less  at  right 

angles,  and  is  often  faintly  defined  near  the  point  of  junction.  AnaJ 

ceU  distinct,  its  hind  corner  generally  drawn  out  to  a  sharp  point. 

No  preapical  bristles  on  tibice.  Wings  generally  with  dark  markings. 

Economically,  this  is  a  very  important  family,  as  it  includes  several 

serious  pests  of  fruit  and  vegetables. 
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rule,  but  not  always,  leave  the  fruit  and  fall  to  the  ground,  where  they 

burrow  to  a  depth  of  one  to  two  inches  and  pupate,  the  pupal  stage 

Fia  ♦18-THR  l.lFB-HWTOnY  OF  A  FBtTT  FLY  {DAVVH  OC
KT  RBIT«).  THK  KOOH 

(R,OHT  «trR  OF  KI.,U,,«)  LV.N«  .H-HT  .mr.B
B  THR  HKIN  OF  A  OOrRD  :  OF  THK 

TWO  FIOu"^  BBLOW  TBE  PUPARtUH.  THE  UP
PRR  IH  THB  ANTBHIOR  «NI,  SHOWINU 

InTbIioR  8^mAcZ  THR  ,,OWER  THB  Po8T.R,OR  K»
..  AN..  THR  PoeTKBIOB  SPIE- 

AULBB.     (x  8). 



ORTALID^ .  635 

Ortalid^. 

Rather  small  hvt  not  minvte  flies,  the  body  generally  smooth  and  shiny,  the 
wings  nearly  always  marked  with  dark  hands  or  spots,  the  sub-costa 
distinQt  and  meeting  the  casta  at  an  acute  angle,  not  as  in  Trypetido!. 
Anal  cell  indistinct.  The  front  broad,  not  bristly  all  the  way  down 
the  sides.  Female  ovipositor  prominent  and  horny.  Tibiw  ivithout 
preapical  bristles,  only  the  middle  pair  tvith  spurs. 

This  family  contains  a  number  of  species  of  diverse  form,  and  some 
of  them  much  resemble  Trypetidm  in  appearance.    Little  is  known  of 

Piff.  419— WiNo  OK  Oktalid  (Comfakb  with 
Vm.  417)    K   16. 

their  life-histories,  but  it  seems  probable  that  these  are  of  the  same  type 
as  those  of  Trypetidce  and  Chloropidw,  that  is  to  say,  most  of  the  larvae 

are  likely  to  inhabit  the  leaves  and  stems  of  plants,  though  some  may 
breed  in  decaying  matter  :  they  are  not  yet  known  to  be  of  economic 
importance  in  India.  One  of  the  commonest  species  in  this  country 
is  that  figured  on  PI.  LXVII,  fig.  5.  Ulidia  aenea,  ¥.,  a  beautiful  little 

fly  of  shining  blue-green  and  copper  colour  which  may  often  be  seen 
sitting  basking  on  leaves  and  slowly  raising  and  lowering  its  forelegs 
one  after  another,  as  though  it  were  delivering  a  weighty  discourse 
on  some  serious  subject.  The  reason  for  this  curious  habit  is  unknown, 

but  it  suggests  that  the  fore  leg  might  have  some  sensory  function 
and  serve  as  a  kind  of  auxiUary  antenna.  This  particular  species  is 

unlike  most  Ortalids  in  having  unmarked  wings,  the  banding  and  spot- 
ting of  the  wings  being  very  characteristic  of  the  family  as  a  whole. 

Indian  OrtalUce  still  require  to  be  worked  out  from  the  systematic 

point  of  view.  The  more  important  genera  are  Rivellia,  Ortalis,  Ulidia, 

and  Loxoneura.  For  details  Van  der  Wulp's  catalogue  may  be  referred 
to,  and  for  further  descriptions  the  writings  of  Coquillett  (Proc.  Ent. 
Soc.,  Washington,  VI)  and  Kertesz  (Tijdsch.  V.  Entom.  XXIII,  and 
Termes.  Fuzetek..  1897). 
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Sapbomyzid^. 

Small  rather  short-bodied  flies  usually  shiny  and  coloured  blackish  blue 
or  yellow,  the  female  with  a  rather  long  slender  ovipositor.  The  head 
as  broad  as  the  thorax,  third  joint  of  the  antennae  generally  large  and 
fairly  long.     Wings  often  clouded. 

As  their  name  implies  the  larvuc  of   this  family  feed  on   decaying 
matter,  and  are  usually  found  in  rotten  vegetable  stuff.    Little  is  known 

Fig.  420— LONCH^A^A.    VVBA,     X  12. 

about  the  Indian  species,  but  fig.  420  represents  a  fairly  common  blue- 

black  Lonchma  sometimes  seen  sitting  on  leaves  in  the  neighbour- 

hood of  excrement.  Species  of  the  other  chief  genus  of  the  family,  Sap- 
romyza,  also  occur  in  India,  but  do  not  seem  to  be  common.  For  Asiatic 

species  the  writing  of  Kertesz  (Tezmeszetraji  Fuzetek,  Vols.  XX — 
XXIIl)  andCzerney,  Genera  Insectorum,  Lauxaninw,  m&y  be  consulted. 

Helomyzid.*. 

Small  flies  of  greyish  or  ydhwish  colour.    The  antennas  short,  the  third 
joint  rounded.    Wings  large  imth  distinct  basal  cells  amd  the 

costa  usually  bristly. 

The  flies  of  this  small  and  unimportant  family  deposit  their  eggs  in 

decaying  vegetable  matter  and  in  the  dung  of  various  animals,  including 
that  of  bats  Uving  in  caves.    Van  der  Wulp  lists  one  species,  Hehmyza 

maura,  Wlk.,  from  "  East  India,"  and  we  have  taken  a  Tephrochlamys 
at  Allahabad,  but  otherwise  we  know  of  no  record  of  any  Indian  species. 
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SCIOMYZID*. 

Sub-costa  dietiT^ctly  separate  from  Raditis.    Wings  rather  long,  usually 
with  dark  markings.    No  vibrissce.    He^d  rounded,  often  broader 

than  the  thorax.    Preapical  bristles  on  tibia. 

little  is  known  about  the  habits  and  life-histories  of  the  members 

of  this  family  but  they  do  not  seem  to  be  of  any  economic  importance. 
They  are  mostly  small  sluggishly- 
}noving  iiies,  found  in  damp  grass 
or  in  the  neighbourhood  of  water, 

the  body  often  coloured  dirty  brown 

and  wings  much  spotted  with  dark 
brown.  The  abdomen  is  often  rather 

long,  and  has  six  segment*  visible. 
The  larvae  are  mostly  aquatic,  feed- 

ing on  water-plants.  One  genus, 
Sepedon   (see  Brunetti,    Ind.    Mus. 

,a„„»„^„\  .  o      Records)  is  conspicuous  and  unUke 
Fig.  421— SciOMYZii)  (Sbpkdon)  X  a.  '  r 

those  whose  general  appearance  is 

described  above  (fig.  421 ).  Most  of  these  latter  belong  to  the  genus 

TOanocera  and  constitute  the  bulk  of  the  family,  which  has  been  mono- 

graphed by  Hendel  (Sciomyzidw,  Verhand.  Zool.  Bot.  Ges.  Wien.,  1902). 

About  a  hundred  and  fifty  European  species  are  known  ;  the  known 

Indian  species  belong  to   the  genera  Dryomyza,  Snomyza,  Tetanocera, 

and  Sepedon. 
Phyoodromid.®. 

Small  dark-coloured  flies,  the  whole  body  noticeably  flattened.    Fwe  and 

front  very  bristly.    Preapical  bristle  on  all  the  tibia.    Sub-costa
 

distinct ;  basals  and  anal  cell  present. 

These  curious  little  flies  all  live  on  the  sea-shore,  generally  among 

the  Une  of  sea-weed  and  other  refuse  left  by  the  high  tide.  Thei
r  larvae 

are  presumably  scavengers,  but  I  do  not  find  any  referen
ce  to  their  Ufe- 

histories.  The  adult  flies  have  a  slight  superficial  resemblanc
e  to  email 

HippoboscidcB,  owing  to  their  flat  shape  and  stout  legs,  and 
 perhaps  to 

some  BorboridoB,  but  these  are  hardly  likely  to  be  confused.  Ther
e  are 

only  about  a  dozen  European  species,  but  the  individuals  are 
 often  very 

numerous  in  the  abovementioned  localities.  None  are  recorde
d  from 

India. 
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Hbtkronbubid^. 

Small  rather  slender  flies,  with  vibrisscB.    iZj  and  anal  veins  short ;  sub- 

rosta  not  very  distinct,  cross-veins  quite  close  together. 

A  small  and  unimportant  family.  No  Indian  species  have  been 
bred,  and  the  flies  are  uncommon.  In  Europe  the  larvae  have  been 

found  in  decaying  wood  and  the  flies  occur  in  rather  damp  shady 
places.    One  species  has  been  seen  at  Pusa. 

CORDYLURID^. 

Suh-costa  distinct,  casta  not  bnstly  at  its  end.  1st  posterior  cell  not  nar- 
rowed. Two  basals  and  anal  present.  Head  rounded,  the  eyes  round 

and  bare,  the  front  broad  in  both  sexes.  Abdomen  with  at  least  five 

visible  segments.    Squamce  small. 

This  family,  with  the  AnthomyiidcB,  is  transitional  between  the 

Acalyptrates  and  the  Calyptrates.  To  the  AnthomyiidcB  it  is  very  closely 
related,  and  with  some  species  it  is  most  difficult  to  decide  in  which 

family  they  should  be  placed.  The  chief  difference  is  that  the  Antho- 
myiids  have  the  eyes  usually  closer  together  in  the  male  than  in  the 
female,  while  both  sexes  of  the  Cordylurids  have  the  eyes  wide  apart, 
and  in  them  the  structure  of  the  genital  organs  affords  the  best  means 

of  distinguishing  the  sexes,  the  males  usually  having  the  abdomen 
blunter  and  more  rounded  than  the  females.  Contrary  to  what  is 

usually  the  case,  the  males  of  some  Cordylurids  (e.g.,  Scatophaga)  are 
very  considerably  larger  than  the  females.  Many  of  the  flies  breed  in 
dung.  These  are  chiefly  the  ScatophagincB.  The  other  genera  are 

usually  found  in  wet  places  near  ponds  or  tanks,  and  several  of  their 

larvsB  live  in  the  stems  of  water-plants,  while  one  genus  Clidogastra  has 
occurred  as  a  parasite  in  a  Noctuid  caterpillar  (Williston).  The  larvae 
are  variable  in  structure,  but  those  of  Cordylurince  are  amphipneustic 
with  both  pairs  of  stigmata  conspicuous.  Little  seems  to  be  known  of 

the  Ufe-histories  and  they  have  not  yet  been  studied  in  India,  with  the 

exception  of  the  Cordylurid  figured  on  PI.  LXVI,  the  "  Rice-stem  fly." 
The  larva  and  the  characteristieaily  truncated  pupa  are  sufficiently 
described  by  the  picture.  The  fly  differs  from  most  allied  Cordylurince 

in  having  no  conspicuously  large  bristles  on  the  mesonotum  (dorso- 
oentral  bristles).  The  larvae  live  in  the  stems  of  young  rice  and  pupate 

there ;  mature  stems  are  rarely  or  never  attacked :  the  wilted-looking 
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rice-stems  which  harbour  the  larvae  are  easily  pulled  out  from  the 
ensheathing  leaves,  and  then  present  the  appearance  of  having  been 
chewed  in  the  mouth.  As  is  the  case  with  all  stem-flies,  no  effective 
remedy  has  been  discovered  :  while  the  fly  frequently  does  considerable 
damage  to  the  young  rice,  it  is  by  no  means  a  specific  pest  of  this 
crop,  but  has  apparently  very  varied  habits.  It  has  been  bred  from 
rice,  sorghum,  maize,  millets,  cheena  {Panicuni  mihaceum).  sartia  (P. 
frumenta-ewm),  celery,  khira  [Cmumis  satwiis)  and  brinjal,  from 
wheat,  which  it  damaged  considerably  in  the  neighbourhood  of  Harnai 
(Balucliistan)  J909,  and  also  from  rotten  potatoes  and  decaying 
vegetable  matter  of  various  kinds.  This  would  point  to  the  possibility 
of  its  occurring  in  rice  only  after  the  stem  had  been  otherwise  damaged, 

but  such  is  not  the  case.  Except  for  the  Rice-stem  fly,  the  family  is  on 
the  whole  a  distinctly  beneficial  one,  for  not  only  do  the  larvep  eat  up 
dung  and  other  unpleasant  substances,  but  many  of  the  adults  are 

predaceous,  and  like  most  predaceous  flies  possess  large  appetites.  In 

the  hills  at  Mussoorie  I  have  found  Statophaga  very  common,  especially 
about  excrement,  and  the  common  species  (S.  stercoraria,  which  occurs 

also  in  Europe)  is  very  conspicuous  from  the  yellow  woolly  hair  with 
which  the  male  is  covered.  (Pi.  LXVII,  fig.  10.)  I  have  not  met  with 

Scatophaga  in  the  plains,  but  Hydromyzince  occur  there  as  well  as  in 
the  hills,  and  may  be  seen  in  company  with  Anthomyiids,  Ephydrids 

and  Dolichopodids,  hunting  for  prey  on  the  edges  ot  well-puddles,  the 
mud  of  tanks  and  rivers,  and  even  in  the  spray  of  waterfalls.  Their 
victims  are  sometimes  small  drowning  flics,  and  often  aquatic  larvae 

(including  those  of  Mosqmtos  and  Tabanids)  which  they  will  not 

unfrequently  even  drag  from  the  water  to  devour  at  leisure  <m  dry 
land.  The  flies  are  generally  difficult  to  catch,  as  they  fly  very 

nimbly  and  close  to  the  mud  or  to  the  surface  of  the  water. 

The  table  of  sub-families  is  abridged  from  Becker's  monograph 
of  the  family  (Dipterologische  Studien  I.  S(atomyzidw.  BeHin,  Ent. 

Zeit.,  1894)  in  which  he  enumerates  125  European  species. 

1.    Scutellum  with  at  least  four  bristles; 

wings   generally  long.    If  short,    then 

the  abdomen  unusually  long  ..  2 

Two  to  four  scutellar  bristles.    Wings 

generally  short  and  rounded  . .  3 
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2.  Head  broad.   Palpi  spoon  or  leaf-sha})ed  , .    HifdrnmyzmcB. 
Head    rounded,    not    particularly    broad. 

Palpi  not  broadened  . .  , .    Scatophagince. 

3.  Front  femora  with  a  double  low  of  bristles 

on  the  inner  side  . .  . .    NoreUince. 

Front  femora  with  at  most  a  single  row 
of  bristles  on  the  inner  side  . .  . .  4 

4.  Face    short.    Palpi    small    without     long 
bristles.      Antennae    short,    arista      bare 

or  at  most  pubescent  . .  . .    Chdoqastrinw. 

Face  long.  Palpi  only  occasionally  flat- 

tened, sometimes  with  long  end-bris- 

tlos.  Arista  bare  or  plumose.  Mostly 

very  bristly  flies  . .  , .     CordiflurincF. 

AyiTWOUYUDJE. 

i\of  large  flies ;  coloured  dull  brownish  block  or  grey,  the  squama'  jairlij 
large,  and  the  ei/es  usually  closer  together  in  the  male  than  In  the 

female.  The  1st  jx)sterior  cell  widely  open.  The  abdomen  with  four 

or  five  segments  visible,  rarely  bristly. 

The  division  of  Talyptrate  Muscoids  is  usually  made  to  include  this 

family,  while  some  authors  make  the  Anthomyiids  into  a  separate  divi- 

sion intermediate  between  Calyptrates  and  Acalyptrates ;  this  is  pro- 
bably their  natural  position,  but  we  have  for  convenience  included  them 

in  the  Acalyptrates  after  the  Cordyluridas,  to  which  they  bear  very  close 

relationship.  The  adult  flies  are  generally  very  much  like  house-flies 

in  colour  and  general  appearance,  and  one  genns,  Homalomyia,  habitually 

haunts  human  habitations  in  India  in  company  with  the  true  House- 

flies  {Muscidcp).  AH  the  AnthomyiidcB  are  flower-flies  with  the  exception 
of  a  few  predaceous  species,  but  their  larvae  are  of  somewhat  diverse 

habits,  a  few  being  found  in  dung,  others  in  decaying  vegetable  matter 

of  different  kinds,  and  others  in  the  roots  of  plants.  Though  the  last- 

named  group  are  often  very  destructive  to  onions  and  other  crops  in 
Europe  and  America,  and  very  difficult  to  combat,  no  instances  of  their 

having  done  noticeable  damage  in  India  have  yet  come  to  our  knowledge. 

The  eggs,  larvsp  and  pupae  are  of  the  usual  muscoid  type,  the  larvae  simi- 

lar in  proportions  to  those  of  fruit-flies  (fig.  418)  and  as  a  rule  hating* 
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the  posterior  stigmata  well  marked.  In  root-inhabiting  species  the  larvw 
may  remain  in  the  root  when  pupating  or  may  come  out  and  pupate 
in  the  soil  near  by.  The  Indian  species  have  not  been  recently  studied, 
and  will  probably  be  very  largely  increased  in  number,  as  the  family  is 
a  large  one.  Dr.  P.  Stein  is  regarded  as  the  chief  authority  on  Antho- 
myiids,  and  his  various  writings,  together  with  Meade's  "  British 

Anthomyiidee,"  should  be  consulted  for  information  as  to  the  separa- 
tion of  the  numerous  genera.  Van  der  Wulp  lists  about  twenty  Indian 

species ;  of  these  one  of  the  commonest  and  most  noticeable  is  LimnO' 

phora  tonitrui,  Wied.,  a  little  fly  of  the  size  of  a  house-fly,  with  a  light 
grey  thorax  marked  with  conspicuous  blots  of  velvety  black.  The  chief 
genera  at  present  known  to  occur  in  this  country  are  Spilogaster, 
Ofhjra,  Limnojihora,  ArUhomyia,  Homalomyia,  Lispe,  and  Ccenoaia. 
(Mr.  Brunetti  informs  us  that  Anthomyia  peshawarensis,  Big.,  described 

in  I.  M.  Notes  as  parasitic  on  locusts,  is  really  ChoHophila  ciliarura 
Rond.) 

CALYPTRATES. 

Calyptrate  Muscoids  are  those  which  possess  well-developed  squamee, 
have  the  male  eyes  clo.ser  together  than  the  female,  and  the  1st 
posterior  cell  completely  closed  or  distinctly  narrowed  at  its  outer  end 

(except  in  some  blood-sucking  species).  We  include  in  this  division  four 
families,  the  Tachinidce,  SarcophagidcB,  Musddm  and  (Estridcs.  The 

SarcophagidcB  and  CEstridcB  are  comparatively  small  families,  but  the 
TaehinidcB  and  Muscidce  have  each  a  very  large  number  of  closely  related 
species.  The  fact  that  so  many  of  the  species  are  so  much  alike  makes 

their  classification  (especially  in  the  case  of  the  TaehinidcB)  extremely 
diflBoult,  and  even  the  numerous  genera  are  often  so  close  together  and 
separated  by  such  very  slight  characters  that  the  student  will  not  be  able 
to  distinguish  them  unless  he  makes  a  special  study  of  the  families. 
Their  classification  is  still  in  an  unsatisfactory  condition,  although 
much  work  has  been  done  on  the  European  and  American  species.  In 

particular,  the  Indian  Tachinidce,  which  are  evidently  extremely 
numerous,  have  hardly  been  touched,  and  the  work  that  has  been  done 

in  the  past  will  need  a  large  amount  of  revision  to  bring  it  into  line  with 
modem  classification.  For  these  reasons,  and  since  it  must  be  some 

years  before  the  Indian  Calyptrates  can  be  really  well  known,  1  can  txeat 
of  them  only  in  a  superficial  manner,  but  the  student  should  not  think 
III  4i 
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that  because  the  treatment  is  superficial  the  families  are  therefore  un- 
important.   Leaving  the  (Estridw  for  the  present,  we  will  begin  with  the 

three  families  TachinidcB,  Sarcophagidce    and   MmcidcB.     Taken  as    a 

whole  they  are  moderately  large,  more  or  less  bristly,  grey  blackish  or 

blue  flies ;  many  have  the   general  appearance  of  house-flies  or  blue- 
bottles :  they  are  distinguished  as  follows : — 

Arista  bare.    Upper   side  of   abdomen  generally 
bristly  on  the  basal  segments. 
Larvae  parasitic  . .  . .  . .    Tnchinidm. 

Arista  bare  at  the  end,  but  with   hairs  on    the 

basal  half.    Basal  segments  of  abdomen  gener- 
ally  without  strong  bristles.     Larvse  parasitic 

or  scavengers    . .  .  .  . .  . .    Sarcophagidw, 
Arista,  on   at   least  one  side,  hairy   or   plumose 

along    its    whole    length.    Abdomen    generally 

smooth,  not  bristly  on  the  basal  part.    Larvas 
mostly  scavengers  . .  . .  . .    Muscidw. 

(If  like  this,  and  with  strong,  horny,  more  or  less 

elongated  proboscis,   but  with  lat  posterior  cell 

open    as  in    Anthomyiids)  . .  . .     "  Biting ' '  Mtis- cidw    (See    pp. 

645,  659). 

MVSCWM. 

Rather  small  oompactly-buiU  flies.  The  abdomen  of  four  visible  seg- 
ments, not  bristly  on  its  basal  part,  and  not  swollen  at  the  tip  in  the 

males  as  in  Sarcophagidce.  The  antennal  arista  plumose  to  the  tip 
at  least  on  one  side.  1«<  posterior  cell  closed  or  much  narrowed 

except  in  some  of  the  blood-sucking  species  where  it  is  only  slightly 
narrowed ;  eyes  in  males  much  near^  together  than  in  females,  often 
tovching. 

This  family  comprises  those  house-flies,  blue-bottles  and  blow-flies 
which  are  familiar  insects  wherever  man  has  made  his  home,  and  also, 

be  it  remarked,  where  he  has  not.  Almost  all  the  very  numerous 

species  may  be  said  to  closely  resemble  in  colour  and  general  appearance 

one  of  these  two  types,  the  house-fly  or  the  blue-bottle.  The  life- 
history  is  short,  a  fair  average  period  for  the  commoner  species  being  10 
to  15  days,  but  this  is  subject  to  considerable  variation  with  food  and 



MUsciD^.  648 

temperature.    The  number  of  eggs  varies  very  much  in  the  different 
species.  Musca  corvina  lays  only  twenty  or  thirty,  M.  domestica  a  hundred 

Plpr.  422— EooH  OF  House-fly   x  about  20. 
{A/ttr  Nmmhaii.) 

to  a  hundred  and  fifty,  while  some  of  the  blue-bottles  {LuciUa  and 
CaMiphora,  etc.),  may  lay  five  or  six  hundred.  The  eggs  rarely  take  longer 
than  a  day  to  hatch,  and  the  young  are  sometimes  deposited  as  larvse, 

as  in  many  SarcophagidcB  and  some  Tcwhinidce.  The  eggs  are  as  a  rule 
white  (those  of  Haematotna  are  black)  and  mostly  resemble  those  of  the 

house-fly  (fig.  418)  though  some  have  a  process  from  one  end  running 
longitudinally  down  one  side  of  the  egg.  The  great  majority  of  the 

larvse  are  scavengers  and  live  in  dung  or  in  decaying  animal  or  vegetable 

matter.  They  are  typical  "maggots,"  the  body  thick  behind  and  taper- 
ing in  front  to  a  rudimentary  head  provided  with  a  pair  of  dark-coloured 

chitinous  mouth-hooks.  The  maggots  of  different  species  are  often 
extremely  alike,  and  practically  the  only  way  of  distinguishing  them  is 
by  slight  variations  in  the  structure  of  the  spiracles.  The  pupae  are 

cylindrical,  rounded  at  both  ends,  and  chestnut  brown  in  colour,  and 

the  larvae  nearly  always  pupate  in  the  earth,  generally  one  or  two  inches 
below  the  surface,  sometimes  travelling  some  little  distance  before  they 

bury  themselves.  A  few  are  found  in  wounds,  and  the  larvae  of 

Pycnosoma  (PI.  LXIX,  fig.  2)  appear  not  infrequently  to  cause  Myiasis 
by  their  presence  in  the  nostrils  of  human  beings  and  camels.  With 
these  exceptions,  however,  the  larvae  are  distinctly  beneficial  as 

scavengers.    The  fly  figured  on  PI.  LXIX,  fig.  4  {Ochromyia),  is  of  some 



634  DIPTBKA. 

lasting  about  a  week.  We  have  found  that  Citronella  oil  has  an 

extremely  strong  attraction  for  the  males  of  the  destructive  Peach-fly 
(Dacus  persicoe),  and  that  this  is  probably  due  to  the  females  having 
the  same  smell,  which  we  have  ascertained  to  be  the  case.  Details  as  to 

habits  and  the  periods  of  the  different  stages  vary  in  different  species. 
The  larva}  (PI.  LXVI  and  fig.  418)  are  of  the  type  usual  among 
Acalyptrates,  blunt  behind  with  rather  conspicuous  stigmata,  and 
tapering  to  the  head  end  which  is  provided  with  black  mouth-hooks, 

the  anterior  stigmata  showing  as  a  curved  row  of  ten  or  a  dozen'  small 
bead-like  rounded  projections.  The  colour  of  the  larva  is  dirty  whitish 
or  pale  yellow,  and  the  skin  is  smooth  and  shining,  the  longitudinal 
tracheae  usually  clearly  seen  beneath  it.  The  larvse  can  hop  in  the  same 

way  as  Sepsid  larvae  by  fixing  the  mouth-hooks  in  a  notch  just  below 
the  anus  and  then  uncurling  the  body  with  a  sudden  jerk.  Preventive 

measures  consist  of  various  devices  to  protect  the  fruit  from  the  ovipo- 

siting female,  such  as  netting,  earthing  up  the  young  fruit,  or  protect- 

ing them  with  paper  screens  until  the  skin  has  grown  thick  and  tough. 
Remedial  measures  arc  useless  unless  begun  in  the  earliest  stages  of  an 

attack,  and  consist  of  the  prompt  destruction  of  all  affected  fruit  by 
boiling,  submerging,  or  burying  the  fruit  at  least  eighteen  inches  below 
the  surface  of  the  ground  and  firmly  stamping  down  the  earth  with 

which  the  hole  is  filled  in.  Though  most  if  not  all  the  Trypdidm  pass 

their  larval  stage  in  the  fruits,  stems,  or  leaves  of  plants,  the  two  genera, 
Dacus  and  Ceratitis  (the  latter  a  genus  with  banded  wings,  the  thorax 

and  base  of  the  wings  spotted  with  black,  which  has  been  recorded  as 

damaging  oranges  in  North  Bombay),  seem  to  comprise  all  the  species 
at  present  known  to  rank  as  real  pests.  The  bulk  of  the  species  of 

TrypetidcB  are  a  good  deal  smaller  than  the  fruit-fiies,  and  are  generally 

greyish  in  colour  with  beautiful  iridescent  eyes  and  prettily-spotted 
wings.  We  have  seen  representatives  of  the  genera  Trypeta,  Ura 

Vropkora,  Tephrttis  and  Rhabdochcela,  but  the  Indian  members  of**l 
family  as  a  whole  have  yet  to  ̂ e  worked  out,  and  there  are  probably 

many  genera.  The  student  of  TrypetidcB  will  find  most  information 

in  the  various  writngs  of  Loew,  especially  "  Die  Europaischen 

Bohrfliegen,"  and  the  "Monographs  on  the  Diptera  of  N.  America  " 
published  by  the  Smithsonian  Institution. 
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interest  as  being  closely  related  to  an  African  Muscoid  {Auchmeromyia) 
whose  larva  has  the  unique  habit  of  sucking  human  blood.  The  larva 
of  Ochromyia  has  not  yet  been  discovered,  but  the  adult  fly  is  recorded 

as  having  been  observed  to  prey  upon  swarming  termites,  catching 
them  on  the  wing,  while  we  have  more  than  once  seen  them  commit 
highway  robbery  on  ants  :  three  or  four  Ochromjnas  will  sit  near  a  nest 

watching  an  ant-path  along  which  the  ants  are  passing  to  and  fro  : 
when  one  passes  carrying  a  tender  nymphal  ant  or  pupa  in  its  jaws  an 

Ochromyia  will  pounce  down  and  try  to  pull  the  nymph  away,  being 
generally  but  not  always  successful,  and  will  then  carry  it  off  to  a 
neighbouring  twig  or  leaf  where  it  can  be  sucked  at  leisure.  The 

house-flieH  of  India  include  the  cosmopolitan  Musca  domestiea,  Linn., 

Fi|!.  42.^— Wind  of  Oohromtia,  shown  as  a  itpe  of  a 
MUHCID  WiNO. 

and  M,  corvina,  Fab.,  and  another  species  which  is  common  may  be 
M.  delerminata,  Wlk.  They  breed  in  decaying  refuse  of  all  sorts,  especially 
in  dung,  and  it  will  often  be  found  that  plagues  of  flies  are  due  to  the 
near  presence  of  stables  and  cease  as  soon  as  measures  are  taken  either 
to  remove  the  stable  refuse  daily,  or  to  protect  it  from  flies  with  a 

layer  of  lime,  by  copiously  sprinkUng  it  every  day  with  crude-oil 
emulsion,  or  a  solution  of  CylUn  (Shipley),  or  by  keeping  it  thoroughly 

ioaked  with  water,  or  in  fly-proof  bins  or  pits.  The  heaps  of  decaying 

vegetable  stufl  near  the  bungalow,  so  often  seen  on  indigO'^lanters' 

estates,  are  one  of  the  main  cause's  of  the  plagues  of  flies  from  which 
they   periodically  suffer,  and  here  Stomoxya  often  breeds  freely. 

The  student  should  consult  Hewitt  (Q.  J.  Jl.  S.  1907  and  1908 

"On  the  structure  development  and  bionomics  of  the  House-fly") 
where.  h«  will  fin<]  further  references  to  literature- 
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To  avoid  having  the  house  and  kitchen  infested  with  flies  is  a  matter 
of  importance  to  health,  since  the  insects  carry  on  their  feet  and  other 

parts  of  the  body  traces  of  the  filthy  matter  on  which  they  are  accustomed 
to  sit  and  suck,  and  are  liable  to  infect  our  food  and  milk  with  the  germs  of 

stomach-diseases  derived  from  this  filth.  Kitchens  should  be  kept 
very  clean,  and  no  refuse  of  any  kind  allowed  to  lie  about  in  the  kitchen 

or  near  it.  All  food  when  not  in  use  should  be  kept  in  close-shutting 

wire  meat-safes,  or  at  least  so  covered  that  no  flies  can  get  at  it. 
Particular  care  should  be  taken  in  the  safe  disposal  of  night-soil. 

The  blue-bottles  of  India  belong  chiefly  to  the  genera  Lucilia,  Pyc- 
nosoma,  Thdychceta,  and  Pyrellia,  while  the  common  English  Callipfiora 

erythrocephcda,  Mg..  occurs  in  the  hills,  but  not  in  the  plains.  They  are 

much  less  common  in  houses  than  are  the  house-flies  of  the  genus  Musca, 
and  a  considerable  number  of  their  larvae  live  only  in  decaying  flesh  or 

other  animal  matter.  It  is  perhaps  owing  to  the  quickly-perishable 
nature  of  this  food  that  so  many  of  the  blue-bottles  lay  such  a  large 
number  of  eggs  as  compared  with  the  house-flies.  The  fly  shown  on 
PL  LXIX,  fig.  5,  as  Idia,  illustrates  a  distinct  type  of  Muscid  with 
a  prominent  face  and  proboscis.  Species  of  Idia  or  Rhynchomyia  are 

not  uncommon  on  flowers  and  may  be  recognised  easily  by  their 
peculiar  dull  metallic  look,  quite  unlike  that  of  moat  Musridce.  The 
larvee  are  said  to  be  parasitic  on  other  insects. 

There  remain  the  important  group  of  blood-sucking  Muscidw. 
There  is  no  easily  recognisable  character  which  will  separate  them  from 
many  other  flies  of  similar  general  appearances  ;  the  best  character  is 
that  they  suck  blood.  The  importance  of  obtaining  accurate  knowledge 

of  the  distribution  and  habits  of  these  blood-sucking  Muscidm  is,  from 

the  point  of  view  of  the  stock-owner  and  breeder,  very  considerable, 
since  it  is  extremely  probable  that  these  flies,  together  with  some  of  the 
Tabanidm,  are  able  to  carry  from  one  animal  to  another,  the  parasite 

which  causes  the  very  serious  disease  known  as  "  Surra  "  (Trypanoso- 
miasis). This  parasite  is  extremely  minute,  quite  invisible  unless 

looked  at  through  a  microscope,  and  when  seen  alive  in  the  blood  of  the 
diseased  animal  it  has  rather  the  appearance  of  a  wriggling  eel  with  a 
somewhat  flattened  body.  An  almost  exactly  similar  parasite  is  the 

cause  of  the  generally  fatal  human  disease  in  Africa  called  "  Sleeping- 

sickness,'  '    and  this  latter  parasite  is  carried  from  man  to  man  in  the 
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All  these  flies  except  Stomoxys  breed  in  dung,  and  details  of  somo  of 

the  life-histories  may  be  found  in  Bulletin  No.  7  of  the  Agricultural 
Department.  Further  information  will  be  found  in  a  future  publication. 

The  genera  are  separated  as  follows  ;  the  new  ones  alluded  to  above 

may  be  recognised  by  being  found  biting  cattle  and  by  the  stout  dark 

brown  and  polished  proboscis. 

I  st  posterior  cell  open —  i 

(a)  Proboscis   long,   much  longer  than  the  pal})i, 

which  are  short  and  slender  . .  . .    Stomoxi/ti. 

{b)  Palpi  broad  at  the  tip,  much  longer  than  in 

Stomoxj/s,  but  not  as  long  as  the  proboscis     . .     Hwma'ohia  and 
one  new  related 

genus,  Hdellol- 
anjnx. 

{c)  Palpi  as  long  as  the  proboscis  for  which  they 

form  a  sheath.  The  flies  a  good  deal  smaller 

than  Stomoxys  or  Hwmatobia         . .  . .     Li/'/mrosia. 

Ist  posterior    cell    much    narrowed    or   closed, 

proboscis  short  and  stout  . .  . .    PhilcBmatomifia. 

Reference  to  literature  on  the  subject  of  the  relation  of  muscid  flies 

to  disease  cannot  be  given  here,  since  the  papers  are  so  numerous  and 

scattered.  An  excellent  summary  of  the  whole  subject  up  to  1899  is 

given  by  Nuttall,  Johns  Hopkins  Hospital  Reports,  Vol.  VIII.  "  The 

role  of  insects,  etc.,  in  the  spread  of  diseases  "  L.  0.  Howard's  "  Study 

of  the  fauna  of  Human  excrement  "  Proc.  Wash.  Acad.  Sci.  1900  gives 
much  information  as  to  possible  food-infecting  American  species ;  while 
for  the  rest  the  writings  of  Austen,  Bezzi,  Bruce,  Hewitt,  Newstead, 

Nuttall,  Shipley  and  others  in  various  scientific,  medical,  and  veterinary 

journals  should  be  consulted.  The  Reports  of  the  Sleeping-sickness 

Commission  and  Aust«n's  "Monograph  of  the  Tse-tse  Flies  ' '  give  a  large 

mass  of  information  relating  to  the  African  Olossina,  while  Neumann's 

"Animal  Parasites"  contains  an  excellent  general  account  of  the 
Dipterous  and  other  pests  of  cattle  and  horses. 
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Rather  large  usuaUy  grey  and  black   flies.    ArUenrtal  arista  bare  (U  the 
end,  plumose  on  the  basal  half.   Male  eyes  not  markedly  nearer  than 
in  the  female.    Squamce  generally   large.    Abdomen   of  four  visible 
segments,  rwt  noticeably  bristly  on  the  upper  basal  portion,  1st  posterior 
cell  much  narrowed  or  closed.    Male  genital  organs  often  noticeable  as  a 

rounded  projection  under  the  tail.    Tarsi  rather  large. 

These  flies  are  common  all  over  India,  and  as  a  rule  easily  to  be  re- 

cognised by  their  red  eyes  and  by  their  having  the  thorax  grey  striped 
longitudinally  with  black,  and  the  abdomen 

with  a  checquered  ' '  shot ' '  pattern  of  dark 
and  light  grey.    They  are  often  known  as 

"Flesh-flies"  getting  the  name  from    the 
fact  that  they  will  readily  lay  their  eggs  in 
meat,  especially  if  it  has  begun  to  go  bad. 

The  larvae  are   maggots   in  which  the    seg- 
ments are  fairly  distinct,  each  being  marked 

by  a  band  of   minute    spiny    bristles.    The 

posterior  stigmata  lie  at  the  bottom  of  a  cup- 
shaped  depression  at  the  hind  end  of   the 

body  (fig.  424).    The  eggs  are  white,  some- 
times slightly  curved,  but  in  at  least  several 

species  larvee  are  usually  deposited  instead 

of  eggs,  the   latter  having  hatched  within 

the   body  of   the  parent  fly.     This  habit 
obviously  ensures  that  the  larva  shall  at  once 

have  access  to  the  food-supply  in  the  midst 
of  which  it  is  placed,  and  it  has  been  observed 
to  occur  in  species  of  SarcophagidcB  which 

have    been  identified  as  causing  Myiasis  in 
man,   the   larvae  being   deposited  in   open 

wounds,  ulcers,  or  in  the  nostrils,  where  they  Fir.  424-Larva  of  a  SARto- 

feed   and  burrow   into   the  tissues,    often         ™*potatom  x8. 
causing  much  pain    and   frequently   death 

from  blood-poisoning.  If  wounds  are  dressed  with  carbolic  prepara- 
tions, tar,  or  other  strong-smelling  substances  the  flies  will  not  deposit 

eggs  or  larvs  therein.    If  larve  are  found  in  a  wound  they  should  be 
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proboscis  of  Glossina,  an  African  blood-sucking  Muscid.  In  both  sleeping- 
sickness  and  Surra  the  parasite  is  conveyed  much  in  the  same  way  as 

the  malaria  parasite  is  conveyed  by  mosquitoa,  but  with  this  diflerence, 

that  the  parasites  ("  trypanosomes  ")  of  sleeping-sickness  and  surra  do 
not,  it  has  been  thought,  multiply  in^the  body  of  the  fly,  but  are  simply 

carried  in  the  insect's  proboscis.  Recent  work  on  sleeping  sickness  tends 
to  prove,  however,  that  a  developmental  cycle  is  undergone  by  the 

parasites  in  the  tsetse  fly  (Glossina). 

All  the  Indian  blood-sucking  Musddm  are  similar  to  house-flies  in 

size  and  general  appearance,  except  that  Lyperoaia  is  a  good  deal 

smaller.  The  commonest  species  is  Stomoxys  caldtrans,  Linn.  (Pl.  LXIX, 

fig.  3).  S.  indica  is  not  uncommon,  and  two  or  three  other  species 

oi  Stomoxys  may  also  occur.  The  two  common  species  of  Lyperosia  {L. 

exigua,  de  Meij.,  and  a  smaller  one  L.  minuta,  Bezzi)  are  abundant  in 

certain  localities  but  are  rarely  seen  in  others.  Hcematdbia  (H.  irri- 
tans  and  one  or  two  other  species)  is  less  common.  There  remain  two 

or  three  species  belonging  to  new  genera  recently  described,*  which 

are  interesting  as  including  one  fly  which  is  intermediate  between  the 

above-mentioned  species  and  the  ordinary  house-flies,  especially  in 

wing-venation  and  the  structure  of  the  proboscis,  which  are  the  points 

in  which  the  biting  MuscidcB  usually  difier  from  the  non-biting.  For 
convenience  of  reference  we  have  included  a  plate  of  rough  drawings  of 

the  chief  types  of  Indian  blood-sucking  insects,  and  division  C  on  the 

plate  shows  the  head  and  wing  of  Lyperosia,  Stomoxys,  Hmnatobia, 

PhiltEmatomyia,  and  Musca  the  house-fly.  Examination  of  the  plate 

will  show  that  the  first  posterior  cell  is  nearly  closed  in  Musca  and 

PhilcBtnatomyia  but  quite  open  in  the  others,  while  the  proboscis,  long  in 

Lyperosia,  Stomoxys,  and  Hcsmatobia,  is  in  PhilcBmatomyia  more  nearly 

equal  in  length  to  that  of  the  house-fly,  though  it  is  very  stout  and 

strongly  chitinized.  It  is  noteworthy  that  in  biting  this  chitinized  por- 

tion is  not  as  in  Stomoxys  inserted  into  the  wound,  but  remains  outside 

like  the  labium  of  Culicidm,  the  actual  puncture  being  made  by  an 

inner  eversible  portion  which  is  ftmed  at  the  end  with  a  ring  of  stout 

hooks.    This  eversible  portion  is  roughly  indicated  in  the  illustration. 

»  PhUa-maU,„,fa  hiigtiix,  Austen  Ann.  Mag.  Nat.  Hi»t.  Mar.  1909.  the  only  
sj«oies 

known  at  ineiont.  Fairly  common  and  widely  distributed.  Bd^Maryn
r  taHgwmlt'iitu, 

Aniten  1,  o.  the  only  tp«ciee  known.    Not  common. 



PLATE  LXVIII.-Tachinid^. 

Fij»   1.     Demoticus  alrigipeiiiiis. 

Head. 

Irt.  1^ , 

16.  ( 

2.     Miltog7-nmma  li-punetata. 

2.1 

2.(,  ■» 

•2h.  i 

Head. 

,,     3.     Cidodexia  hmocampm. 

„     4.     Maaicera  subnigra. 

:  ':>"^ Tlie  figures  on  this  plate  are  accurately  copied  from  water-colour  draw- 

ings made  by  the  late  F.  M.  Van  der  Wulp. 
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carefully  and  completely  removed,  and  the  place  very  thoroughly 
washed  out  with  carbolic  acid  or  other  antiseptic  solution.  The  remov- 

al of  the  larvsB  is  made  much  easier  by  holding  over  the  wound  for 

a  short  time  a  rag  wetted  with  chloroform  or  spirits  of  turpentine. 

Simple  application  of  carbolic  acid,  or  even  corrosive  sublimate  solution, 
will  not  necessarily  kill  the  maggots,  as  like  most  Muscnid  larvsp 

they  are  extremely  tenacious  of  life,  The  puparium  is  of  the  usual  rounded 

cylinder  type,  with  well-marked  posterior  stigmata.  The  length  of  the 
life-history  of  the  Indian  species  appears  to  vary  a  good  deal,  being  quite 
short  (two  to  three  weeks)  in  the  flesh-eaters  and  longer  in 
the  parasitic  forms;  the  flies  can  frequently  be  found  breeding  in  the 
decaying  bodies  of  animals,  sometimes  in  great  numbers,  together  with 

various  species  ot  Muscidce,  the  "blue-bottles"  and  "blow-flies." 
Although  the  flesh-flies  are  so  abundant,  the  known  Indian  species 

nearly  all  belong  to  one  genus  Sarcophaga.  Van  der  Wulp  lists  Cifnn- 

myia  quadrivittata,  Macq.,  from  "  E.  India,"  and  the  British  Museum 
has  a  representative  of  the  genus  Agria  from  Karachi.  About  eight 

species  of  Sarcophaga  appear  to  be  known  from  this  country,  and  one 

of  the  commonest,  S.  lineatocoUu,  Macq.,  is  shown  on  PI.  JjXIX,  fig.  1. 
Tachinid^. 

fiodi/muaUyveri/ bristli/.    Arista  bare  (dong  its  whole   length.    Proboscis 

occasionally  long.    Larvm  parasitic,  adults  flower-flies. 

The  Ta^hinida  of  all  insects  are  among  the  most   beneficial  to  the 

agriculturist.    This  is  owing  to  their  being  apparently  all   parasites  on 
other  insecta,  and  there  is  no  doubt  that 

were  they  absent  the  damage  caused  by 

insect  pests,  especially  Lepidoptera,  would 

be  considerably  larger  than  it  is.  Though 

Hymenoptera,  and  occasionally  Orthoptera 
and  other  orders,  are  attacked,  the  flies  as 

a  rule  lay  their  eggs  on  the  bodies  of  cater- 

pillars, generally  near  the  head  end.  When 

the  eggs  hatch  the  young  larvae  bore  through 

the  skin  into  the  caterpillar's  body  and  con- 
simie  its  internal  organs ;  they  are  thick,  fat 

'^""smc  Ta^Jn^^xI*''*"  and  rounded,  with  smaU  anterior  and  large 
posterior  spiracles,  the  segments  of  the  body 
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rather  indistinct.  Sometimes  the  caterpillar  dies  under  this  treatment 
before  it  can  pupate,  but  very  often  the  pupal  stage  is  reached.  The 

Tacliinid  larva  when  full  fed  generally  leaves  the  body  of  its  host  (which 

then  always  dies)  and  pupates  in  some  sheltered  spot,  usually  just 

below  the  siu-face  of  the  ground.  Most  of  the  Sarcophagidw  and 
Muscidw  also  habitually  pupate  one  or  two  inches  deep  in  the  earth  near 

the  place  where  their  larval  stages  were  passed  through.  Unlike  most  of 

the  parasitic  H ymenoptera,  TacMnidw  do  not  seem  necessarily  to  confine 
themselves  to  particular  hosts,  and  one  species  of  Tachinid  may  lay  eggs 

on  caterpillars  of  several  different  species  indiscriminately.  They  also 

not  infrequently  make  the  mistake  of  laying  eggs  on  a  caterpillar  which 

is  already  attacked,  and  in  such  cases  many  of  the  larvae  must  necessarily 
be  starved,  since  the  caterpillar  can  provide  food  only  for  a  limited 

number  :  similarly  in  the  nests  of  Hymenoptera  which  store  spiders, 
too  many  Tachinid  larvae  are  sometimes  found,  the  supply  of  spiders, 
being  insufficient  for  all,  so  that  some  die  or  are  eaten  by  their  fellows. 

Again,  eggK  are  sometimes  laid  just  before  a  moult,  and  if  the  cater- 
pillar can  cast  its  skin  before  the  Tachinid  larvae  hatch  it  will  of  course 

escape  and  the  larva*  will  die.  Among  the  parasitic  Hymenoptera 
such  mistakes  and  irregularities  as  these  are  very  rare,  the  life  of  the 

parasite  being  generally  arranged  so  as  exactly  to  correspond  to,  and 

as  it  were  fit  into  the  weak  places  in,  the  life-history  and  habits  of  its 
host.  As  has  been  said  already,  it  is  possible  that  the  Calyptrates  are  a 

group  of  comparatively  recent  development,  and  it  may  be  that  their 

imperfect  adaptation  to  a  parasitic  mode  of  life  is  due  to  their  having 

taken  up  this  mode  of  life  comparatively  lately,  their  habits  and 
instincts  having  not  yet  reached  that  precise  adjustment  which  has  been 
attained  by  many  parasitic  Hymenoptera. 

A  recent  very  interesting  paper  by  Townsend  (U.  8.  Agric.  Dept. 

"  Record  of  rearing  Tachinidce")  contains  much  new  information  on  the 

varieties  of  oviposition  and  "  larviposition  "  among  Tachinids,  and 
reveals  considerable  diversity  amolig  different  species.  He  has  made 

the  curious  discovery  that  certain  American  Tachinids  do  not  lay  their 
eggs  on  the  caterpillars,  but  on  the  leaves,  so  that  they  are  eaten  by  the 
caterpillar  and  hatch  in  its  stomach,  a  method  very  similar  in  essentials 
to  that  followed  by  Gaetrophilus  among  (Estridm. 
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the  fore-legs  of  a  horse,  the  position  where  they  are  usually  found.    The 

animal  is  supposed  to  lick  oS  the  eggs  when  hatched,  owing  to  the  irri- 

Plg.  426-  KG«8    or  0«8TUC)PHILL'B     Kljri 
ATTAOHGD  TO  HORSE'h  HAIHB. 

(X    ABOUT   10.) 

Fig.  427~OAbTROI'HILOT    BQUl Lauva. 

{Afltr  Baft, I 

tation  caused  by  the  young  larvae,  which  are  thus  carried  into  the  throat 
and  stomach.  They  may  remain  in  the  stomach  until  ready  to  pupate, 

when  they  are  pass-d  out  with  the  feeoes  {Qastrophdus),  or  may  in  the 

Vlg.    428-CB8TBU8    OVts  LaHVA        Fig.  429- A.  EMFTV  PaPAUIUH  OF  (ESTRDS  OVIS. 
{Afttr  Bau.)  B.  POSTIRIOR  BND  or  BAHB.    (x  8.) 
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As  already  mentioned  the  classification  of  Tachinids  is  still  in  the 

making.  The  Indian  species  have  not  yet  been  seriously  studied,  and 

except  for  van  der  Wulp's  catalogue,  which  gives  references  to  previous 
work,  there  is  no  special  literature  to  which  reference  can  be  made.  The 
student  of  the  Calyptrates  will  find  a  standard  work  in  Brauer  and 

Bergenstamm's  "Die  Zweifliigler  des  kaiserlichen  Museums  in  Wien  " 
Parts  I — IV,  but  he  may  experience  some  difficulty  in  using  it  A  good 

deal  of  useful  information  will  be  found  in  Townsend's  "  Taxonomy  of 
the  Muscoidean  Flies"  (Smithsonian  miscellaneous  collections, 
Washington  1908).  As  to  the  number  of  species  of  India,  it  will  certainly 

prove  to  be  very  large.  Van  der  Wulp  records  between  forty  and  fifty, 
but  a  large  proportion  of  these  will  be  placed  in  different  genera  when 

the  revision  of  the  family  is  undertaken.  The  best  known  are  two  para- 
sites of  the  silk-worm,  Crossocosmia  sericarice,  Rond.,  and  Tricolyga  bom- 

bycis,  Hech.,  of  which  an  account  will  be  found  in  I.  M.  Notes.  Milto- 
grammaduodecimpunctata,  V.d.W.,  is  there  recorded  as  being  a  parasite  of 

the  locust  Acridium  peregrinum,  Oliv.,  but  it  seems  to  be  so  rarely  found 

in  this  connection  as  to  be  quite  inefficient  as  a  check.  PI.  LXVIII 
gives  a  good  idea  of  the  general  appearance  of  typical  members  of  the 
family. 

(ESTBID*. 

Rather  large  flies,  nomdimes  furry  and  having  a  slight  rf-semblance  to  bees. 

The  mouth-parts  small  or  rudimentary ;  antenna;  short  and    incon- 
spicuous.   Wings  sometimes   clouded,    venation  generally    similar  to 

MuscidcB.     Ovipositor  sometimes  large.    Squamce  usually  large. 

This  family  is  of  one  of  considerable  importance,  for  its  members 

are   all    parasites   in    the   larval  stage  on  warm-blooded  animals,  and 

include  the  "  Bot-flies  "  whose  larvae  live  generally  in  the  stomach,  and 
the    "Warble    flies  "    whose   larvse  are  usually  found  under  the  skin, 

where    they    cause    swellings    known  as  ' '  Warbles.  ' '  Miss   Ormerod 
(Ind.  Mus.  Notes)  estimated  that  no  less  than  48%  of  the  hides  exported 

from  India  were   damaged    owing  to  the  holes  caused  by  these  larvse. 

The  eggs  of  nearly  all  (Estrids  are  probably  laid  on   the  skin    of   the 

animals  attacked,  which  may  be  horses,  cattle  of  all  kinds,  donkeys, 

sheep,  camel,  and  a  variety  of  wild  animals.    The  eggs  themselves  are 

usually  provided  with  a  curious  clasp  at  one  end  which  anchors  them  to 

the  hair  on  which  they  are  laid  ;  those  shown  in  fig.  426  were  taken  from 
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course  of  months  gradually  work  their  way  outwards  to  the  back,  where 
they  perforate  the  skin,  moult  and  become  spiny,  causing  a  sore  swelling 
in  which  they  live  until  ready  to  pupate,  when  they  work  their  way  out 
by  means  of  their  spines  and  fall  to  the  ground,  the  fly  emerging  from 
the  pupa  in  three  or  four  weeks  (Hypoderma).    The  best-known  species 
in  India  is  CEstrus  mis  (PL  LXIX,  fig.  6),  which  lives  in  the   noses  of 
sheep,  and  is  sneezed  out  when  ready  for  pupation.    Fig.  425  shows  the 

empty   pupa-case.    Mr.  Middleton  has  sent  us   larvap  of   Cejthdomyia 
mcu-ulata,  Wied.,  which  he  found  living  in  a  similar  way  in  the  nostrils 
of  camels  (fig.    4.30).    The  life-histories  of  the  family,  as  a  whole,   are 
very  incompletely  known  owing  to  the  difficulty  of  observing  the  stages 
in  the  living  animal,  and  the  habits  of  the  flies  themselves  are  hardly 
known  at  all.    The  family  is  by  no   means  uniformly   disturbed  over 
India ;  we  have  no  knowledge  of  the  condition  of  things  in  .Southern 

India,  but,   excluding  Madras  and  the  west  coast,   it  seems  probable 

that  Hif'poderma,  the  common  European  genus,  is  confined  to  Western 
India,  from  the  Punjab  southwards  probably  as  far  as  Gujerat.    Mr.  D. 
Quinlan  (Superintendent,  C.  V.  D.,  Bengal)  informs  ua  that  he  has  rarely 
or  never  seen  warbles  in  Bengal  cattle  except  in  the  hills,  and  this  agrees 

with  our  own  experience.    CEstrus  is,  however,  not  uncommon  in  Bengal, 
and  Gastrofhilus  also  occurs  in  certain  districts.    It  is  a   large  yellow 
rather  bee-like  fly  with  clouded  wings  and  a  large  and  complex  ovipositor, 

The  preventives  usually  tried  are  strong-smeHing  washes,  tar  or  grease, 
applied  to  the  skin  of   the  cattle  with  the  object  of  deterring  the  flies 
from  laying  their    eggs,  or  greasy  and  other  dressings  applied   to  the 

swelling    on  the  back.    Neither  method  appears  to  be  entirely  effective 

(Carpenter  and  Steen,  J.,  Agric.  Dept.,  Ireland,  Vol.  VIII)  and  lancing 

or  squeezing  out  the  larvae  as  soon  as  they  are  nearly  mature  seems  the 

only  thing  to  do  in  the  present  absence  of  knowledge  of  the  habits  of  the 
flies  :  the  wound  should  then  be  dressed  with  crude  oil  emulsion  to  deter 

Muscids  or  Sarcophagids  from  depositing  their  eggs  or  maggots  on  the 
raw  surface.    A  very  good  summary  of  what  is  known  of  the  habits  is 

given  by  Imms.  (J.  Econ.  Biology,  Vol.  I).    A  general  account  of  the 
family  is  given  by  Dr.  Bau  (Gren.  Insectorum,  (EstridcB)  who  lists   four 

species  from  India.    These  are  Cdbboldia  dephantit,  Cobb.,  in  the  stomach 
of  the  Indian  elephant ;  Oastrophihts  equi.  Fab.,  in  the  stomach  of  the 

horse  {G.  pecorum,  Fab.,  from  Deesa  is  in  the  British  museum  collection) ; 
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often  twenty  or  more  on  one  animal).    The  life-history  of  these  flies  is 
of  a  curious  and  interesting  type.    We  have  seen  that  certain  Calyptrate 

Muscoids  {Sarcoj)h(Ufidce  and 

Tachmdce)  often  retain  the 

eggs  within  the  body  until 

after  they  have  developed 

into  larvae,  and  that  they 

are  thus  "viviparous,"  i.e., 
produce  their  young  alive. 
These  larvae  at  once  begin 

to  feed,  and  when  full- 

grown   they   pupate.      The 
FiJ?.  4.S2— PUPARIA  Of  HiPPOBOhCA.  „  -  J  1  ,     , , 

The  one  on  the  left  if.  new  laid,  that  in  the  middle  is  "^>/>obosnda-  and  probably Nix  honrn  old,  and  the  one  on  the  light  a  week  „]]     otTipr    Piininnr«     nnrr^r 
old,  and  dark  hrown  in  colour.   )c4  "-"     "^""     rupipara     carry 

the  process  still  further,  their 

larva  remaining  inside  the  present  fly's  body  until  ready  to  pupate, 
when  they  are  deposited.  The  puparia,  found  lying  generally  on  hard 

dry  surfaces  (floors,  stone  window-sills,  shelves,  etc.),  are  dark  mahogany 
brown  in  colour,  round  and  poUshed,  with  a  black  cap  at  one  end,  and 

look  very  much  like  round  smooth  seeds  about  half  an  big  as  a  pea. 

When  first  laid  they  are  nearly  white  (fig.  432).  It  is  thus  obvious  that 

in  Hipj)d)osnd(B  the  usual  conditions  found  among  Diptera  regarding 

the  taking  of  food  are  reversed.  As  a  rule  it  is  the  larva  which  does 

most  of  the  feeding  required  for  the  insect's  development,  and  this  is 
true  even  in  families  such  as  Asthda,  in  which  the  adults  are  predaceous, 

and  in  the  blood-sucking  Cultcidae,  Psychodidce,  Strnvlndcp,  and  Tabanidcp. 

The  same  rule  applies  to  the  Indian  species  of  blood-sucking  Mmcidoe, 

but  the  African  Tsetse-fly  retains  the  larvee  until  ready  to  pupate,  in  the 

same  way  as  Hippobosndce,  and  it  is  evident  that  this  abbreviated  life- 

history  is  due  to  the  fact  that  the  adult  fly  is  able  by  sucking  blood  to 

supply  enough  nutriment  to  carry  on  the  life  of  the  larva  as  well  as  its 
own.  In  accordance  with  this,  since  the  fly  can  only  absorb  a  limited 

quantity  of  blood,  we  find  that  reproduction  in  Hippoboscidce  (and  in  the 

Tsetse-fly)  is  slow,  only  one  larva  being  produced  at  a  time,  but  the 

slowness  of  the  process  is  to  a  great  extent  compensated  by  the  protec- 

tion of  the  young  from  all  the  dangers  of  larval  life  ;  that  this  protection 

is  effective  we  see  from  the  abundance  of  the  flies.    The  shortening  of 
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CEstrvs  Ovis,  Linn.,  in  the  nasal  cavities  of  the  sheep;  Hypoderma  hovis, 

De  Geer,  under  the  skin  of  cattle.  Cephalomyia  maculata,  Wied.,  also 
occurs  as  mentioned  above,  and  Microcephalm  przewcdskyi,  Ptch.,  has 
been  taken  in  Sikkim  (Brit.  Mus.  Coll.). 

Fig.  480— Larva  of  Obphalomyia 
MACULATA    X2. 

(A/ttr  Bail.) 

FIr.  431— Oobbolvia  klephantis. Larva. 

{After  flmi.) 

PUPIPARA. 

HlPPOBOSOID.15. 

Flattened  leatheri/ -looking  parasitic  flies,  sometimes  wingless.  Proboscis 
short  protected  hy  the  palpi ;  head  small,  mthout  distinctly  seen  neck. 
Legs  strong  with  powerful  claws,  antenruB  very  small  &  inconspicuous. 

,  These  "  kuku-macchi ''  "cattle-flies,"  "skaters,"  "dog-flies" 
must  be  familiar  to  every  one  in  India,  since  they  are  common  in 
many  districts  on  cattle  and  \iogs.  To  dogs,  especially  those  of 
European  breeds,  they  seem  to  cause  much  discomfort,  and  even  the 
knowledge  that  a  Hippobosdd  is  flying  in  its  vicinity  will  often  render  a 
dog  obviously  restless  and  uneasy  in  its  mind.  On  cattle  they  are  often 
to  be  seen  in  crowds,  but  the  native  breeds  do  not  seeox  as  much  affected 

by  their  attacks  as  might  be  expected  from  the  number  of  the  flies  (very 
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the  life-history  in  the  Sarcophagids  and  Tachinids  has  probably  arisen 
for  a  rather  different  reason.  Not  only  is  it  an  advantage  from  the  fact 
that  the  shorter  the  helpless  period  in  the  egg  the  less  chance  there  is  of 

destruction,  but  a  short  egg-period  is  of  the  utmost  importance  to  such 
larvae  as  live  in  dead  flesh  and  similar  substances,  owing  to  the  rapidity 

with  which  the  food  on  which  they  depend  may  entirely  decompose  or 

get  completely  dried  up  by  the  sun.  Sarcophagids  will  often  lay  at 
least  forty  or  fifty  young  larvro  on  one  piece  of  meat,  the  main  object 

evidently  being  to  make  certain  that  at  any  rate  some  of  these  shall  get 
food  at  once  and  be  able  to  make  the  best  of  their  opportunity  before  the 

supply  dries  up  or  becomes  otherwise  unavailable.  A  number  of  articles 

on  Hippoboscidm  by  Dr.  Speiser  in  the  last  year  or  two  of  the  ' '  Zeits- 
chrift  fiir  wissen-schaftliche  Insektenbiologie  "  give  a  large  amount  of 
information  about  the  family.  He  recognises  five  sub-families,  of  which 
four  occurring  in  India  are  distinguished  as  follows : — the  commonest 
Indian  species  axe Hippobosca  maculata,  Lch.,  and  its  variety  sivw,  Big., 

on  cattle,  and  H.  capensia,  Olf.,  on  dogs  (Hippobosdnm)  with  Lynchia 
exornata,  Sp.,  on  pigeons  {Olfermnce). 

Ocelli,  and  anal  cell  absent.    Wings  well  developed. 
(1)  Pronotum  invisible  from  above  . .  . .  Olfersiinw. 

(2)  Pronotum  visible  from  above  as  a  coloured 

projecting  ring  . .  . .  . .  HippoboseincB. 
Ocelli  present  or  absent.    Wings  either  very  weak 

or  practically  absent  . .  . .  . .  LipoptenincB. 

Ocelli  present  or  absent.    The  wings  developed  or 
reduced,    the  former    usually  with  an  anal  cell. 
Those  with  an  anal  cell  possess  ocelli ;  others  have 
no  distinct  venation  . .  . .  . .  OmithomyiincB. 

NyCTERIBIIDjB. 

Wingless  fies.  mth  very  small  head  bent  back  over  the  thorax  when 

at  r4st.    Legs  long.    General  appearance  spider-like. 

The  NycteribiidcB  are  entirely"  parasitic,  and  are  most  remarkably 
modified  in  structure.  They  are  found  on  bats,  and  cling  to  the  skin  or 

fur  of  their  hosts.  Their  position  is  however  the  reverse  of  the  usual  one, 

since  when  thus  clinging  they  have  the  back  next  to  the  body  of  the  host 
and  their  ventral  surface  outward.    To  fit  this  attitude  the  head  is  bent 





PLATE  LXIX.- -SaRCOPHAQID^,     MuSCID^,    CESTRIDJB    AND 

PUPIPARA. 

Fig.  1. Sarcophaga  lineatocollii. (SarcophagidsB). 

x3. 

„     2. Pycnosoma  Jlaviceps, 
(Muscidte). 

X  3. 

.,     3. 
Stomoxyt  calcitrans, 1) x3. 

„     4. 
Ochromyia  jejuna. 

»i 

xS. 

„     5. Idia  (Rhynchomyia  ?)  sp. 

II 

x3. 

„     6. 
(Enlrua  ovU, 

(CEstridsB). 
X  3. 

„     7, Uippobosca  mactil'Ua, 
(Hippoboscidaa). X  3 

„     8. Cychpoiiia  hopei. 
(Nycteriliiidw). 

X  3 
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figured  on  PI.  LXIX  or  than  in  certain  parasitic  Phoridce  such  as  Tenwi- 
toxenia  (fig.  400).  Their  active  habits  and  the  voracity  with  which  they 

suck  blood  are  known  to  most  people,  and  these  characteristics,  together 
with  the  long  strong  hind  legs  and  the  curious  shape  of  the  body,  which 
is  excellently  fitted  for  gliding  easily  among  hair,  fur  or  feathers,  make 
them  unmistakeable.  The  sexes  are  a  good  deal  alike,  but  the  female 

is  larger,  has  a  less  abruptly  tip-tilted  tail,  and  has  not  the  coiled  internal 
horny  attachments  of  the  genital  organs  which  are  present  in  the  male, 

and  which  are  shown  in  all  the  figures  on  PI.  LXXI.  The  eggs  are  laid 
on  floors,  dusty  carpets,  or  dry  earth,  and  hatch  into  slender  larvas  ot  a 

more  or  less  dipterous  type,  with  rather  strong  hairs  and  a  biting  mouth 
with  which  they  consume  what  nutritive  matter  they  can  find  among 
the  dirt  in  which  they  live.  When  full  grown  they  spin  a  cocoon  which 

is  usually  coated  with  dust  and  dirt,  and  there  transform  to  a  pupa. 

The  life-history  may  be  easily  observed  by  keeping  females  in  glass 
bottles  with  a  little  loose  dry  dust  and  dirt,  such  as  floor-sweepings,  in 
which  the  larvae  may  live.  Too  much  moisture  is  very  distasteful  to  the 

young  and  adult  stages,  and  they  probably  flourish  best  under  certain  very 
definite  conditions  of  temperature  and  humidity,  as  is  the  case  with  many 
other  insects.    The  larvae  are  killed  almost  immediately  when  wetted. 

The  rat-flea  {Puhx  ckeofis,  Roth.)  is  an  insect  whose  study  has 
become  of  the  first  importance  since  the  work  of  Lamb,  Liston,  and 
others  has  shown  that  its  bite  consti- 

tutes one  of  the  chief  ways,  even  if 

not  the  only  one,  whereby  plague  is 

spread.  The  rat-flea  is  essentially  a 
parasite  of  the  rat,  but  it  does  not 
confine  its  attacks  to  these  animals, 

and  it  will  bite  man,  especially  (but 
not  only)  when  there  are  no  rats  on 
which  it  can  feed.  It  is  well  known 

that  before  plague  attacks  the  men 

of  a  village,  the  rats  of  the  place 
usually  die  of  the  disease.  When  the 
rats  die,  it  is  presumed  that  the  rat- 
fleas  leave  their  bodies  and  are  then 
particularly  liable  to  bite   men,   and 

V\t;.  484-Fdpa  and  L<ABVAorFi.EA 
much  enlarged.    The  fiKiire 

it  a  bad  one. 





PLATE  LXX. — Blood-sucking  Insects. 

Division  A  contains  those  blood-suoking  Nemooera  whose  antennte  are 

long  and  easily  seen,  Phlthotomiu  (Psychodidn),  Oeratopogon  (Chironomidae) 

and  Mosquitos  (Gulioidie),  with  rough  sketches  of  the  larva  and  pupa 

of  eaci).  Fhlebotomus  and  Ceratopogon  are  about  twice  natural  size,  and 

are  drawn  in  their  usual  resting  attitude. 

Division  B  contains  Simulium,  and  the  four  main  genera  of  Tabanidee, 

the  latter  showing  the  usual  resting  attitudes,  aiid  the  larva  and  pupa 

of  the  commonest  genus,  Tabanuii. 

Division  0  contains  sketches  of  the  wing  and  head  of  the  main  genera 

of  blood-sucking  Muscidie,  showing  the  relative  lengths  of  proboscis  and 

palpi  and  the  hairing  of  the  arista,  with  the  amount  of  closure  of  the  Ist 

Posterior  cell.     (The  unnamed  head  and  wing  ai-e  those  of  PhilaemaUtmyia.) 
Division  D  shows  the  puparium  and  imago  of  Hippobosca. 
Division  E      Flea. 

Division  F  Hemiptera — young  and  adult  bug  (Oimioidsp)  and  two  lice, 

Pedindus  cnpUin  and  Jlntmatopimts  tirius  (Pediculidis). 
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thus  infect  them  with  the  plague  bacillus  which  the  fleas  have  previously 
sucked  up  with  the  blood  of  the  rats  on  which  they  last  fed.  The  litera- 

ture on  the  subject  of  fleas  and  plague  is  considerable,  and  the  student 
is  referred  to  the  Keports  on  Plague  Investigations  in  India  issued  by  the 

Advisory  Committee,  and  published  in  the  "Journal  of  Hygiene,"  Vols. 
VI  and  VII.  The  classification  of  the  group  is  somewhat  difficult,  as  it  is 

based  largely  on  minute  characters.  C.  F.  Baker's  ' '  North  American 

Siphonaptera  ' '  and  Jordan  and  Rothschild's  ' '  Revision  of  the  Non- 

Comb-eyed  8iphonaptera  "  (Parasitology,  Vol.  I)  may  be  consulted. 
The  "  Comb  "  refers  to  a  row  of  stout  spines  round  the  lower  part  of 
the  head  which  is  present  in  certain  species,  as  m  P.  felts,  the  cat  and 
dog  flea.  This  specios  is  shown  on  PI.  LXXI,  copied  from  the  Plague 
Investigation  Report,  on  which  are  also  shown  Ctenopsylla  musculi,  a 

mouse  and  rat-flea ;  PuUx  imtans,  the  human  flea ;  CeratopsyVus 
fascicUus,  the  European  rat-flea ;  and  Sarcopsylla  galUnacea,  the  fowl-flea. 

INDIAN  BLOOD  SUCKINQ  INSICTS. 

As  we  all  know,  India  is  a  country  which  has  its  full  share 
of  those  vermin  which  spend  the  whole  or  part  of  their  lives 
on  the  bodies  of  men  and  other  warm-blooded  animals,  and  also 
of  those  equally  annoying  insects  which  alight  upon  the  body 
of  their  victim  only  when  intent  on  gorging  themselves  with  his 
blood.  Of  common  vermin,  the  Bird-lice  or  Mallophaga  (p.  110),  are  not 
blood-suckers,  though  they  live  as  parasites  on  the  bodies  of  their  hosts  : 
the  blood-sucking  species  of  insects  at  present  known  in  India  may  be 
said  to  belong  exclusively  to  two  Orders,  Diptera  and  Rhynchota.  To 
the  first  of  these  may  be  assigned  the  Fleas,  which  probably  represent  a 
much-specialised  offshoot  from  the  old  Dipterous  stock,  though  they  are 
generally  given  the  rank  of  a  separate  Order  or  Sub-order  (Siphonaptera). 
They  represent  that  section  of  the  Diptera  which  pass  a  considerable 
portion  of  their  adult  life  on  the  host,  though  the  egg,  larval,  and  pupal 
stages  are  usually  gone  through  elsewhere,  in  dusty  and  dirty  places. 
Their  importance  in  connexion  with  plague  is  well  known.  Except  for 
the  fleas,  few  blood-sucldng  Diptera  spend  much  time  on  the  body  of  the 
host,  but  the  Uves  of  advdt  NydermidcB  and  HijypdboBcidce  afford  an 
interesting  series  of  examples  of  variafon  in  this  respect.  Some  of 
them,  for  instance  the  one  figured  on  PI.  LXIX,  fig.  8,  appear  to  pass  at 
least  most  of  their  lives  on  the  host,  and  most  of  these  species  are 
wingless  or  feeble-winged  :  at  the  other  end  of  the  scale  are  the  common 
cattle-flies  {Hifpdboaca)  which  have  strong  wings,  are  quick  fliers,  and 
are  always  ready  to  strike  camp  and  leave  the  host  on  whom  they  have 
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settled,  though  remaining  if  comfortable  and  undisturbed.  These  two 
families  exhibit  the  mode  of  reproduction  characteristic  of  the  group 
(Pupipara)  to  which  they  belong  (p.  655),  and  although  little  is  known 
of  their  habits  and  life-histories  it  is  probable  that,  as  is  the  case  with 
all  other  blood-sucking  Diptera,  the  adult  stage  is  the  only  one  which  has 
any  direct  connexion  with  the  host,  while  as  indicated  above  the  close- 

ness of  this  connexion  varies  considerably  within  the  limits  of  the  two 
families,  and  probably  haff  influenced  the  reproductive  processes  to  a 
considerable  extent.  After  those  groups,  Siphonaptera  and  Pupipara, 
which  pass  a  considerable  portion  of  their  adult  lives  on  the  Itost,  we 
come  to  those  Diptera  which  pay  as  a  rule  only  flpng  visits  to  their 
victim,  and  take  their  leave  after  a  short  but  hearty  meal  of  blood. 
These  belong  to  six  famiUes,  and  of  these  families  five  are  particularly 
well  represented  in  this  country,  the  sixth  {Chironomidce)  being  com- 

paratively unimportant.  The  family  which  by  relationship  and  habits 
approaches  most  nearly  to  the  Pupipara  is  the  Muscidce  :  as  with  the 
HippoboseidcB,  which  practically  never  bite  man,  the  attacks  of  the  Indian 
species  oi  Muscidce  are  as  a  general  rule  confined  to  cattle,  but  this  is  by 
no  means  always  the  case,  as  in  some  districts  and  climatic  conditions 
they  (especially  Stomoxyi))  will  bite  men  viciously.  Stomoxys  is  the  com- 

monest of  the  Indian  genera,  the  others  being  Lyperosia,  HcBmatobia, 
Philwmatomyia  and  Bdellolarynx.  All  the  four  latter  are  found  as  larva; 
in  dung,  but  Stomoxys  breeds  by  preference  ia  fermenting  vegetable 
matter,  especially  in  heaps  of  grass  and  fodder,  and  in  the  piles  of 

'*  seet  "  near  indigo-vats,  the  flies  being  often  so  abundant  at  the  period of  mahai  as  to  be  a  serious  nuisance.  These  MuscMcb  often  remain  for 

a  considerable  time  on  the  cattle,  but  this  is  probably  in  part  because 
they  aie  so  frequently  interrupted  in  their  feeding  by  the  movements  of 
the  victim,  and  they  will  persevere  in  the  attack  until  satisfied  with 
blood.  All  the  blood-sucldng  MuscidcB  have  a  strong  superficial  likeness 
to  many  other  Musrida  which  do  not  suck  blood,  such  as  the  house-fly, 
and  to  others  which  are  often  found  sucking  blood  from  wounds  but 
which  cannot  pierce  the  skin  for  themselves  :  this  the  five  blood-sucking 
genera  are  of  course  able  to  do,  but  whereas  in  Stomoxys,  Lyperosia,  and 
HcematMa  we  find  a  much  modified  and  developed  piercing  proboscis, 
the  mouth-parts  (as  also  the  venation)  in  one  of  the  two  new  genera 
(PhilcBmatomyia)  differ  much  less  conspicuously  from  those  of  the  non- 
blood-sucking  MuscidtB,  and  the  genus  represents  a  connecting  link 
between  the  two  groups.  Although  not  blood-suckers,  the  flies  whose 
laxvse  live  in  wounds  or  sores  may  be  here  noted  as  also  belonging  at  all 
events  for  the  most  part  to  the  family  Muscida  :  the  attacks  of  these 
maggots  produce  results  often  of  a  serious  and  revolting  natuie,  and 
are  techmcally  known  under  the  term  "  Myiasis."  They  attack  both men  and  animals. 

To  the  family  TabanideB  (PI.  LXII)  belong  a  large  number  of  species 
of  the  well-known  Indian  Horse-flies,  Dans-flies,  gad-flies,  or  '*  Clegs.  " 
The  Sijihonajtera,  Pufifma,  and  Muadda  comprise  only  insects  whose 





PLATE  LXXI.-SiPHONAKfERA     Flkas. 

n.  I'ulex  cheopis.  (J 

b.  Pultx' felis  cJ 

c.  Cleuopaylla  tnnacuh.^ 

d.  Pnlex  irritans  <J 

«.     Ceratophyllui  fdsciatus.^ 

/.     tSarropsi/Uu  gallinacca,^ 

Tliis  pliite   is  copied  from    The  Jonrnal  of  llygitne.  Vol.   VIT,   No.   3 

{U«port  on  Plaguf  InvostigatioiiB  in  Tndia). 
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immature  stages  are  purely  terrestrial,  but  in  practically  all  species 
belonging  to  the  remaining  families  of  blood-suckers  we  find  semi-aqua- 

tic or  purely  aquatic  larvae ;  these  families  may  be  arranged  roughly  in 
the  order  TabanidcB  and  Psychodidce  (genus  PMebotomm),  Chironomidw 

(genus  ''  Ceratopogon''),  Simuliidce  and  CuUcidce. 
The  larvee  and  pupse  of  the  last  two  families  are  purely  aquatic  ;  the 

larvse  of  Tabanidw  and  Phlebotormis  live  in  mud,  slime,  or  wet  earth,  and 
seek  a  comparatively  dry  spot  in  which  to  pupate,  while  the  larvae  of 
Ceratopogon  are  of  two  kinds,  some  living  under  bark  and  in  similar  damp 
shady  places,  while  others  are  purely  aquatic  and  agree  in  this  respect 
with  the  numerous  species  of  non-blood-sucking  ChironomidvB.  We  may 
make  a  further  generalization  by  saying  that  in  these  families  with 
aquatic  or  semi-aquatic  larvae  it  is  only  the  female  that  sucks  blood, 
whereas  in  the  purely  terrestrial  families  both  sexes  may  do  so.  None 
of  the  former  group  spend  any  very  appreciable  portion  of  their  lives  on 
the  victim,  whereas  several  of  the  latter  do. 

As  to  the  numerical  ratio  between  blood-sucking  and  non-blood- 
sucking species,  this  varies  in  the  different  families  to  a  considerable 

extent.  Excepting  a  very  few  particular  cases,  we  may  say  that  at  least 
one  sex  of  all  species  of  Sifhonaptera,  Pupipara,  TabanidcB,  SimuUidcB, 
and  CvlicidcB  suck  blood,  but  of  the  total  number  of  species  of  Muscidce, 
PsychodidcB  and  Chironomidw  only  a  very  small  percentage  have  the 
habit :  this  paucity  of  species  unfortunately  does  not  mean  that  the 
number  of  individuals  of  these  three  families  is  any  the  less,  fOr  most  of 
us  have  had  abundant  opportunities  of  observing  the  prevalence  of 
sand-flies  {Phlebotomus)  at  certain  seasons  of  the  year,  although  the 
number  of  species  of  this  blood-sucking  genus  probably  does  not  repre- 

sent five  per  cent,  of  the  total  number  of  harmless  species  in  the  family 
to  which  it  belongs.  The  same  is  true  in  an  even  greater  degree  of  the 
Midges  (Ceratopogon,  family  Chironomidce)  and  of  the  blood-sucking 
Muaddas,  for  they  constitute  only  a  very  small  fraction  of  the  total 
number  of  species  in  their  respective  families. 

As  regards  the  second  Order,  Hhynchota,  which  includes  blood- 
sucking species  among  its  members,  we  find  again  that  these  form  only 

quite  a  small  proportion  of  the  Order  as  a  whole.  Among  the  Lice 
{PedicuUdas)*  are  species  which  pass  their  whole  lives  from  egg  to  adult  on 
the  body  of  the  host,  and  whose  structure  has  evidently  undergone 
great  modification  to  fit  them  for  a  purely  parasitic  existence.  The 

Bugs  {Cimicidw),  though  often  remaining  for  some  considerable  time  on 
the  body  of  the  host  (generally  man),  usually  pass  the  greater  part  of 
their  lives  elsewhere,  and  seek  their  victim  only  when  wanting  blood. 

The  results  of  recent  work  on  the  relations  which  exist  between  the 

life  of  blood-sucking  insects  on  the  one  hand,  and  on  the  other  the  life  of 
man  and  of  those  animals  which  he  breeds  for  his  pleasure  and  profit, 

have  shown  an  unexpectedly  close  connection  between  the  two,  and  of  this 

•  Often  clagBod  as  a  distinct  order  Anoplura. 
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the  practical  outcome  is  seen  in  the  growing  body  of  knowledge  relating 
to  the  transmission  and  spread  of  disease  among  men  and  cattle.  There 

are  two  ways  in  which  insects  may  carry  the  '  germs  "  of  disease  from 
one  place  to  another.  They  may  alight  upon  the  excrement  of  diseased 
persons  or  animals,  or  upon  sores  on  the  body  or  on  any  other  infective 
matter,  and  may  then  convey  the  infection  elsewhere  on  their  contami- 

nated bodies  or  in  their  excreta.  The  transmission  in  this  case  is  purely 
mechanical  and  it  is  immaterial  hy  what  kind  of  insect  it  is  effected, 
though  owing  to  the  nature  of  their  habits  it  is  the  Diptera  which  are 
chiefly  concerned.  It  is  not  however  in  this  connexion  that  the  chief 
importance  of  blood-sucking  insects  lies,  but  rather  in  the  part  they  play 
in  the  propagation  of  diseases  which  are  due  to  the  presence  of  certain 
microscopic  parasites  in  the  blood.  It  seems  that  in  general  these  para- 

sites can  infect  a  healthy  animal  only  by  being  directly  introduced  into 
its  blood,  and  in  the  absence  of  blood-sucking  insects  it  is  difficult  to  see 
how  this  could  very  often  occur :  on  the  other  hand,  if  blood-sucking 
insects  are  present  they  afford  at  once  a  ready  means  whereby 
a  blood-parasite  might  be  sucked  up  from  one  animal  and 
introduced  into  another  at  a  subsequent  bite.  It  is  in  this  way  that  the 
parasites  appear  to  be  usually  transmitted,  but  there  is  still  uncertainty 
as  to  the  details  of  the  process  in  many  cases  :  the  chief  difficulty  lies  in 
deciding  whether  the  parasite  is  carried  by  the  insect  from  one  animal 

to  another  in  a  simply  "  mechanical  "  way,  undergoing  no  change  en 
route,  or  whether,  as  in  the  case  of  the  malarial  mosquitos,  the  parasite 

on  entering  the  insect's  body  undergoes  a  more  or  less  prolonged  series 
of  changes  before  it  is  in  a  fit  state  again  to  infect  a  healthy  animal's 
blood.  The  fact  that  insects  have  been  found  to  have  parasites  of  their 
own  which  are  extremely  similar  to  certain  forms  of  mammalian  blood 
parasites  renders  the  matter  more  complicated,  as  does  also  the  remark- 

able hereditary  transmission  of  infective  power  exhibited  by  certain 
Ticks.  The  consideration  of  the  Arachnids  is  outside  the  field  covered 
by  this  book,  but  the  Ticks  are  oi  great  importance  as  pests  of  cattle  and 

dogs,  which  they  infect  with  spirillar  diseases  ("Tick-fever,"  etc.) 
and  with  Piroplasmosis  (Biliary  fever),  while  they  are  also  responsible 
for  an  often  fatal  disease  of  fowls  and  for  a  human  relapsing  fever,  a 
remarkable  feature  being  that  in  some  species  the  infection  is  not  trans- 

mitted by  the  Tick  which  bites  a  diseased  animal,  but  by  that  Ticks' 
young  ones.  As  regards  the  Rhynchota,  there  is  a  strong  presumption 
that  Bed-bugs  are  responsible  for  the  spread  of  human  disease,  and  it 
appears  that  they  are  capable  of  harbourii^  the  organism  which  causes 
Kala-azar  and  possibly  of  transmitting  it  by  their  bite  (Rogers  and 
Patton).  Comparatively  little  attention  has  yet  been  paid  to  the  Pedi- 
culidcB  which  infest  animals  in  India,  but  the  human  head-louse  has  been 
shown  to  transmit  a  spirillar  fever  among  school-children  (Mackie).  Of 
those  Diptera  which  chiefly  attack  cattle  (Hipfobosca,  Stomoxys,  and 
TabanidcB)  all  three  families  are  suspected  of  being  the  agents  whereby 
Surra,  a   serious  cattle-disease,   is  spread,  and  investigations  are  now 
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being  carried  on  in  this  country  with  a  view  to  deciding   their   relative 
importance  in  this  connexion.    (Leese). 

While  the  Indian  Hippoboscida,  MuscidcB,  and  Tabanida  are  primarily 
pests  of  horses,  dogs,  and  cattle,  the  remaining  families  of  Diptera 
attack  man  freely,  though  they  none  of  them  confine  their  attentions 

entirely  to  human  beings;  the  bull-flies  or  "  buflalo-gnats  "  (Simu- 
liidas)  are  said  to  bite  so  fiercely  and  impartially  as  to  render  certain  hill 
districts  practically  uninhabitable  during  part  of  the  year,  either  for 
man  or  beast,  and  the  ferocious  Uttle  sand-flies  of  the  plains  arc  well- 
known  as  disturbers  of  our  slumbers.  No  very  serious  study  of  the 
Simuliidre,  or  of  Chironomidce  or  Psycftodidae  seems  to  have  been  made 
from  the  medical  or  veterinary  point  of  view,  attention  having  been 
mainly  directed  to  following  up  and  extending  the  original  researches  of 
Ross  and  others  on  Mosquitos,  but  the  possibility  of  sand-flies  trans- 

mitting disease  would  seem  at  least  worth  investigation  in  this  country. 
As  far  as  the  Indian  species  of  CulividcB  are  concerned,  reference  to 
the  list  will  show  that  we  have  about  a  hundred  species  at 
present  known,  though  it  is  certain  that  a  considerable  number  still 
await  discovery.  Of  these  only  a  part  act  as  disease-carriers  ;  and,  of 
those  species  known  to  be  capable  of  so  acting,  not  all  have  been  found 

actually  carrying  disease-parasites  in  nature,  but  have  been  proved  by 
experiment  to  be  able  to  carry  them.  It  is  not  improbable  that  all 
species  of  the  genus  Anopheles  will  be  found  capable  of  carrying  the 
malaria-parasite.  The  commonest  Myzomyia  (M.  rossi)  is  not  a  natural 
malaria-carrier,  but  M.  culicifacies,  christophersi  {=listoni)  and  Tur- 
khudi  are.  Of  the  genus  Nysnorhynchus,  N.  utephensi,  fuliginosus, 
Indiensin,  and  TtieehMi  are  carriers  ;  perhaps  also  Cellia  dbimana.  All 
these  species  are  Anophdinw.  Among  the  Toxorhynchinw  and  Mdinw 
none  are  known  to  convey  disease,  but  the  Culicidw  include  several 
dangerous  species.  Of  these  by  far  the  commonest  is  Culex  fcUigam,  the 
common  brown  household  mosquito  of  Northern  India.  Tliis  insect 

carries  the  worm-like  parasite  (Filaria)  which  is  the  cause  of  various 

painful  and  unsightly  conditions  grouped  together  as  "  Filariasis  " 
and  including  elephantiasis,  lymphangitis,  and  divers  varicose  affec- 

tions particularly  common  in  South  India.  Cukx  fatigans  has  been  sus- 
pected of  complicity  in  the  spread  of  some  other  diseases,  but  hitherto 

without  definite  proof.  Another  Culicine  genus,  Stegomyia,  is  abundant 
in  India,  the  commonest  species  bein^  S.  acvteUarU,  which  seems  to  be 
widely  spread.  A  closely  related  species,  S.  fasciaia,  occurs,  in  Bengal, 
in  the  neighbourhood  of  Calcutta,  and  tliis  particular  species  is  well 
known  to  be  the  carrier  of  yellow  fever  in  the  West  Indies ;  whether  S. 
scuteUaris  can  also  convey  this  most  deadly  disease  is  unknown. 

The  question  of  the  chances  that  yellow  fever  may  be  introduced 
into  India  in  the  near  future  is  one  which  merits  perhaps  more  than  a 

passing  glance,  and  we  venture  to  borrow  a  passage  on  this  subject 

from  Hanson's  "Tropical  Diseases."  "  The  probable  reason  of  the 
non-introduction  (of  yellow  fever)  into  Asia  is  that  the  trade  route  from 
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the  West  Indies  to  China  and  India  has  hitherto  not  been  a  direct  one, 
but  has  passed  by  a  long  circuit  either  to  the  North  or  to  the  South. 
When  the  American  inter-oceanic  canal  has  been  constructed,  there  will 
be  direct  and  rapid  communication  between  the  present  yellow-fever 
centres  and  Asia.    With  this  more  direct  and  more  rapid  communication 
there  will  arise  a  corresponding  risk   of   spreading  yellow  fever  into   a 
huge  section  of  tropical  humanity  which  has  hitherto  enjoyed  exemption 
from  one  of  the    deadliest  diseases    afiBicting   mankind.    An   infected 
mosquito  (and  Stegomyia  fasciata,  according  to  Giles,  is  a  good  traveller), 
either  shipped  by  accident  or  brought  on  board  by  some  thoughtless  or 
malicious  person,  could  easily  be  conveyed  aUve  to  the  shores  of  Asia, 
and  would  suffice  to  set,  so  to  speak,  the  whole  of  the  tropical  section  of 
the  Eastern  hemisphere  in  a  blaze.    The  history  of  the  spread  of  disease 
by  the  rapid  nxethods  of  modern  travel  is  full  of  examples  that  should 
serve  as  a  warning  to  our  rulers  and  responsible   sanitary  authorities. 
Let  us  hope  that  before  the  central  American    canal   is  completed  this 
important  matter  will  receive  the  attention  it  demands,    and  that    duo 
care  will  be  exercised  that  America  does  not  reciprocate  the  introduction 
of  cholera  from  Asia  by  a  return  gift  of  yellow  fever." 
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(Hemiptera). — Bugs. 

Two  pairs  of  winge  the  upper  hyaline  at  the  apical  half  only  or  both  hyaline 
throughout,  with  few  veins.  Mouth-parts  suctorial.  Antennae  simple. 

Metamorphosis  simple,  the  wings  developed  outside  the  body,  the 

nymphal  and  Imaginal  stages  little  dlfTerentiated  and  of  almost  equal 
duration  and  Importance  in  most  forms.  The  order  includes  only 
insects  whose  nourishment  Is  the  sap  of  plants,  or  the  blood  of 
vertebrate  animals  or  insects  obtained  by  suction 

The  most  characteristic  feature  of  these  insects  is  the  suctorial  beak, 

in  which  the  lower  lip  (labium)  forms  a  sheath  for  the  mandiblcB  and 

raaxiUse  which  are  the  actual  sharp  piercing  organs ;  applying  the  tip  of 

the  "beak"  to  the  plant  or  insect,  the  setii'  are  pushed  in,  the  "beak" 

tself  not  entering  the  tissues  but  only  the  sette  ;  the  semi-tubular  labium 

is  partly  covered  at  the  base  with  the  more  or  less  elongated  upper  lip 
(labrum). 

The  order  is  a  large  and  distinct  one,  but  it  includes  a  greater  v  ariety 

of  forms  than  perhaps  should  be  included  in  the  limits  of  one  order.  It 

is  commonly  divided  into  two  sub-orders  Heteraptera  and  Homojitera  ; 

these  may  be  defined  on  two  characters,  first,  that  the  tegmina  are 

thickened  at  the  base  or  are  of  the  same  texture  throughout ;  second, 

that  the  head  does  not  touch  the  coxae  or  is  so  inflexed  as  to  be  in 

contact  with  the  front  coxte.  The  two  series  are  in  the  main  distinct 

and  there  is  good  reason  to  separate  the  first  as  a  distinct  order,  the 

second  as  not  necessarily  one  but  perhaps  two  or  three  orders.  We 

treat  them  as  forming  three  sub-orders  under  one  order.  We  have 

explained  below  the  grounds  for  treating  Phytophthires  as  a  distinct 

Bub  onkr : — 
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Rliynchota. 

Htib-orders. 

Hetei'optern 

Homoptera 

Phytoplithirca 

Divisions. 

'  Gymnocemta  (land) 

Cryptocerata  (aquatic) 

Tritnera  (Freeliving) 

I  Dimeia  (Semiparagitic) 

Wonomera  (Pai-asitic) 

Families. 

1-19. 

20-25 

26-3(). 

.11 -8.^ 

34. 

For  details  as  to  the  classification  and  of  individual  species  the  stu- 

dent should  consult  Distant's  volumes  on  the  Fauna  of  India,  first  read- 
ing the  introduction  and  familiarising  himself  with  the  terms  used. 

These  enumerate  the  Indian  forms  as  far  as  the  Jassidie ;  all  literature 

references  will  be  found  in  these  volumes,  but  we  may  remark  that  little 
has  been  recorded  on  the  habits  of  Indian  Rhynchota  and  that  Atkinson  is 

almost  the  only  author  in  India  who  has  published  papers  on  the  group. 

M«AnX- 

P.«.t 
Fifr.  485— HoMosocERUs.     Sodt  =  scutel- 

LCM.    Olav  =  Olavds.    Oob  =  OOE- 
IDM.       KOBT    =    R08TKUM.     Ol).    AP.  = 
Odorifekocs  afertdrbs. 
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The  characters  used  in  separating  families  relate  to  the  antennse  and 

hemelytra.  The  terms  used  are  shown  in  figures  435  and  436  ;  the  stu- 

dent wishing  to  identify  species  will  find  the  terms  used  in  the  Fauna 

of  India  fully  explained  in  Volume  I  of  Rhynchota  :  we  have  used  this 
as  the  basis  of  classification  throughout  the  group. 

,MEM»B«Nt 

FiR.  4;<6  — WiNOS  OF  HKTBROT'TKKA. 

Heteroptefa. 

Front  of  head  not  touching  the  mxm.    The  tegmina  mually  lie  flat 

on  the  ahdomen  and  the  basal  half  is  thickened. 

The  sub-order  falls  into  distinct  series,  the  first,  Gymnocerata,  having 

conspicuous  antennae,  the  second,  Cryploivrata,  having  the  antenna'  more 
or  less  concealed ;  the  former  includes  all  the  terrestrial  Heteroptera,  and 

those  that  live  on  the  surface  of  water  ;  the  latter  includes  all  the  Hete- 

roptera that  live  in  water  as  well  as  one  species  living  on  mud  (Pelogonus) 

and  a  few  on  land  (Mononyx).  The  sub-orders  are  thus  easily  recognised 

in  the  field.  A  key  to  the  families  will  be  found  in  the  Fauna  of  India, 

Rhynchota,  Volume  I. 

A  feature  of  the  great  majority  of  the  Heteroptera  is  the  aromatic 

odour  they  protect  themselves  with.  This  odour  is  due  to  the  secretion 

by  special  glands  of  an  oily  fluid,  which  is  excreted  at  will  from  the 

odoriferous  orifices  and  rapidly  volatilises.  The  odours  arc  very  marked 

in  PerUatomidce,  Coreidce,  Lygoeidw,  PyrrhocoridcB,  some  Reduviidce,  and 

in  CimicidcB :  they  are  ordinarily  characteristic  of  the  plant-feeding  groups, 
only  a  few  of  the  predaceous  Reduviidw  having  them.  Throughout 

the  Heteroptera,  the  imago  is  a  very  important  and  active  stage  of  life, 

the  previous  development  being  practically  only  a  growth  in  size,  with 

the  gradual  development  of  wings.    There  is  none  of  the  specialisation  of 
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periods  seen  in  Lepidoptera,  Coleoptera  and  Hymenoptera.  The  nymph, 
as  it  comes  from  the  egg,  has  much  the  same  habits  and  structure  as  the 

adult  and  the  changes  at  the  separate  moults  are  very  small.  The  most 
noticeable  change  at  the  last  moult,  next  to  the  assumption  of  functional 
wings,  is  the  change  in  the  position  of  odoriferous  glands,  one  new  pair 

becoming  functional  on  the  ventral  surface  of  the  thorax,  in  place  of  the 
two  pairs  on  the  dorsal  surface  of  the  abdomen.  The  final  moult  does 
not  imply  sexual  maturity,  but  the  development  of  the  sexual  organs 
continues  for  some  time  and  a  period  considerably  longer  than  the 
nymphal  period  may  elapse  before  the  sexual  organs  are  really  mature. 

There  is  thus  no  metamorphosis  and  though  we  may  find,  in  the 

young  nymph  especially,  habits  and  colouring  which  it  loses  in  a  later 
instar,  the  change  is  not  an  abrupt  one.  Details  of  the  metamorphosis 
of  few  Heteroptera  are  known  in  India,  but  there  is  a  certain  amount  on 

record  and  a  good  deal  more  not  yet  placed  on  record.  There  are  prac- 
tioal  difficulties  in  observing  the  nymphal  life,  but  these  can  be  overcome 

in  the  case  of  plant-feeding  species. 

PBNTATOMIUiB. 

Scvtdlum  large. 

Pentatomid  bugs  are  recognisable  at  sight  by  the  large  scutellum  and 
the  mouthparts,  even  where  the  resemblance  to  a  beetle  is  noticeable  ; 

beginners  will  certainly  confuse  them  on  superficial  examination.  They 
are  insects  of  moderate  size,  from  a  quarter  of  an  inch  to  over  an  inch  in 

length,  robustly  built  and  with  hard  integument.  Colours  are  of  great 
variety,  black,  brown,  grey  and  other  sombre  colours  in  a  large  number, 
green  and  shades  of  dull  yellow  in  others,  bright  colours  in  a  few  only. 

The  colour  is  often  cryptic,  in  some  apparently  warning,  and  in  the 
species  which  live  in  the  soil  is  the  sombre  colouration  characteristic  of 

most  insects  in  that  situation.  The  form  of  the  body  is  not  modified  for 

cryptic  purposes  and  there  are  only  occasionally  spines,  etc.,  on  the 
integument  which  are  adapted  to  this  end,  or  which  serve  some  obscure 

function,  possibly  in  rendering  the  insect  distasteful. 

The  antennsB  are  five  or  four- jointed,  simple.    The  head  is  flattened, 
usually  a  little  produced  anteriorly,  with  small  compound  eyes    and 

ocelli.    The  rostrum  is  straight,  lying  against   the    prosternum.    The  , 
prothorax  is  well  developed,  accurately  fitted  to  the  mesostemum  and 
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Fig.  1.  Coptosoma  siaraicum.     (Plataspidinie). 

'2.  „         testaceum.  „ 
;>.  „         cribrariutu,  „ 

i.  Brachyplatys  (ubaeueus.  „ 

5.  Cantao  ocellatus.  (Scutellerinso). 
6.  Chrysocoris  stoUii.  „ 
7  Scutellera  uobilis.  ,t 

8.  Foecilocoris  Hardwicki.  „ 

9.  Hotea  curoulionides.  „ 

10  AlphocoriH  lixoides.  „ 

11.  Podops  dentatus.     (Grapbosomatinte). 

1 2.  Erthesiaa  f  uUo.     (PentatominiL'). 

(Plato  painted  by  D.  N.  B»gchi,  Indian  Museum,  Calcutta.) 
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Fig.  437— ScuihLr^hKA  M(jbili><. 
KQUH  AND  NVMPHb. 

(Aflar  ih  NMvitln). 

hemelytra  ;  the  scutellum  is  large,  either  covering  the  whole  abdomen, 

or  occupying  a  large  portion  of  the  base  of  the  abdomen  between   the 

hemelytra.  In  the  former  case  the 

hemelytra,  protected  by  the  scutellum, 
are  not  thickened  at  the  base  but  are 

membranous  throughout.  The  hemelytra 

fit  closely  to  the  abdomen  the  apical 
membranous  half  of  each  overlapping. 

The  lower  wings  are  below  the  hemelytra 

and  both  pairs  function  in  flight.  Wing- 
less species  with  abbreviated  or  much 

reduced  hemelytra  occur.  There  are 

small  orifices  of  the  scent-glands  on  the 

ventral  surface  of  the  thorax,  whose 

position  is  useful  in  the  discrimination 

of  genera.  The  abdomen  is  short  and  thickset,  its  margin  in  some 

cases  is  visible  from  above  and  not  covered  by  the  hemelytra. 

The  integument  of  the  whole  body  is  so  rigid  that  the  relative  positions 

of  the  parts  are  accurately  maintained  and  are  useful  in  classification, 

a  statement  that  can  be  made  only  in  the  case  of  this  family, 

and  the  Coleoptera.  Males  and  females  are  commonly  similar  in 

external  appearance,  the  former  sometimes  smaller. 

The  life-history  is  similar  throughout  the  family.  Eggs  are  laid  in 

clusters  on  plants  or  elsewhere  in  the  open  ;  these  eggs  are  commonly  oi 

the  shape  of  an  upright  cylinder,  about  one-tenth  of  an  inch  high,  with  a 
flat  cover  on  the  top  (like  a  barrel).  When  they  hatch,  this  cover  opens, 

either  being  attached  at  one  side  or  coming  completely  off.  The  young 

insect  is  flattened,  the  body  nearly  round,  and  is  active.  It  feeds  on  the 

juice  of  plants  and  passes  through  a  number  of  moults  with  the  gradual 

development  of  wings,  etc.,  till  it  is  full  grown.  The  tarsi  usually  have 

only  two  joints,  the  third  developing  at  the  last  moult;  the  odoriferous 

glands  are  in  the  abdomen  and  open  on  the  dorsum  at  the  apex  of  the 

third  and  fourth  abdominal  segments.  The  colouring  of  these  young 

insects  is  commonly  different  to  that  of  the  adult  and  often  very  striking. 

The  number  of  moults  is  usually  fi^ve ;  the  nymphal  life  is  commonly 

short,  the  imaginal  being  the  long  and  active  period  to  which  the 

nymphal  is  subordinated.    The  adults  are  found  upon  plants,  upon 
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trees,  among  grass,  under  fallen  leaves  and  in  decaying  vegetation. 
Many  are  diurnal,  brightly  coloured  species  which  live  exposed  on 

plants,  many  are  nocturnal,  especially 
the  dark  coloured  species  which  live 

in  thick  grass  or  under  leaves.  Many 

have  special  foodplants  upon  which 
they  feed  principalljf  or  wholly  and  to 
which  they  are  specially  adapted  ;  in 
a  few  the  foodplants  appear  to  be 
numerous.  Whilst  the  majority  are 

plant-sucking,  extracting  the  sap  of 
green  plants,  a  number  {AmyoteinoB) 

are  known  to  be  wholly  or  partly  pre- 
daceous  on  insects,  sucking  the  fluids 
from  their  bodies.  This  habit  is  found 

in  the  nymphs  as  in  the  adults.  Not  a 
great  deal  has  been  observed  on  this 
point,  but  so  far  as  observation  has 

gone  the  greater  number  of  these  insects  are  herbivorous  and  only 
few  predaceous.  In  particular  the  food  of  the  species  found  on  the 
bark  of  trees,  under  fallen  leaves,  among  decaying  vegetation,  is 
uncertain.  A  small  number  are  almost  wholly  burrowing  insects, 
living  in  the  soil  and  spending  their  whole  life  there,  emerging  only 
at  night.  Very  little  is  yet  known  of  these  forms,  which  may 
prove  to  be  comparatively  numerous.  These  insects  are  most 

abundant  during  the  rains  when  vegetation  is  in  active  growth, 
and  a  number  of  species  probably  breed  only  at  this  time.  As  a 

whole,  it  is  probably  correct  to  say  that  the  majority  of  Pentatomids 
hibernate  and  sestivate  as  adults,  laying  eggs  in  the  rains  ;  there  are  one 
or  two  broods  during  these  months  and  the  imagines  in  November  hide 
away  for  the  winter.  There  are  also  species  which  breed  most  actively 

in  the  cold  weather  and  hide  away  in  the  rains.  A  number  become 

active  and  breed  during  the  dry  hot  weather  if  food  is  available, 
and  these  become  very  numerous  in  irrigated  crops.  The  conditions 
of  hibernation  and  sestivation  are  determined  by  the  degree  of  cold  and 
moisture  in  each  season  as  well  as  by  the  abundance  of  food,  and  this 
varies  with  different  tracts  ;  the  student  may,  however,  remember  that> 
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the  adult  is  the  resting  stage  and  that  even  in  hot  weather,  they  live 

for  long  periods  waiting  until  food  is  plentiful  enough  to  admit  of  their 

producing  eggs  and  of  the  young  surviving. 
Pentatomids  are,  in  spite  of  their  abundance  and  herbivorous  habits, 

rarely  destructive  to  crops.  The  reason  is  that  the  individual  bugs  do  not 
extract  sufficient  sap  from  one  plant  or  one  twig  to  do  harm,  but  they 
move  about  from  plant  to  plant,  sucking  here  and  there,  and  not 

weakening  the  plant.  It  is  only  when  they  are  exceptionally  abundant 
or  when  they  attack  specially  susceptible  parts  {e.g.,  developing 
grain  heads),  that  they  are  destructive.  Of  the  number  of  common 
species  mentioned  below,  none  are  major  pests,  a  few  are  minor 

occasional  pests  of  little  importance. 

The  Pentatomids  appear  to  be  protected  by  the  powerful  scent 

produced  by  the  scent-glands,  as  are  most  Heteroptera.  This  scent  which 
is  the  volatilised  oil,  has  a  very  strong  effect  on  many  animals  and 

probably  on  predaceous  insects ;  it  is  apparently  not  a  complete 
protection  as  wasps  and  mantids  have  been  observed  to  eat  Pentatomids. 
The  eggs  are  parasitised  by  Chalcidm,  which  constitute  one  check  ; 
other  checks  are  the  slow  reproduction  and  the  limited  duration  of 
the  seasons  when  abundant  food  makes  reproduction  possible. 

Pentatomidw  are  one  of  the  largest  families  of  the  order,  spread  over 
the  tropical  and  temperate  zones,  most  abundant  in  tropical  regions 

The  Indian  fauna  is  Indo-Malayan  mostly,  with  a  number  of  Palroarctic 
hill  forms  which  extend  into  the  north  and  with  the  larger  number  of 

species  known  only  from  hill  or  submontane  forest  localities.  The  known 
plains  fauna  is  a  fraction  only  of  the  whole,  though  our  knowledge  of  the 

plains  species  is  defective  and  it  is  probable  that  the  number  of  species 

in  the  plains  is  nearly  as  large  as  that  of  the  sub-tropical  forest  and  hill 
areas.  The  student  will  find  descriptions  of  the  Indian  fauna  in 

Distant's  Rhynchota  in  the  Fauna  of  India,  wherein  542  species  are 
described  with  the  addition  of  46  species  in  the  appendix  to  Volume  IV. 

The  11  sub-families  can  be  made  out  without  difficulty,  but  the  subse- 
quent classification  and  recognition  of  species  is  at  first  difficult  without 

the  aid  of  a  good  reference  collection. 

Plataapidince. — The  scutellum  completely  covers  the  abdomen, 
the  hemelytra  being  folded  away  underneath.  These  little  insects 

are  clearly  distinguishable  and  are  fairly  common.    Brachyjil<Uys  and 
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Coptosoma    include  the    species   common  in  the  plains,  species  which 

are  distinguishable  only  with  some  care  (Plate  LXXII,  figs.  1 — 4). 

B.  subaeneus,  Westw.,  is  the  most  widely  spread  species  of  the  former 

genus,  and  has  been  found  destructive  in  one  instance  to  jute  plants 

and  also  to  feed  specially  upon  val  (Dolichos  lablab).  Coptosoma  cribra- 
rium,  Fabr.,  is  widespread  and  perhaps  the  most  generally  distributed 

insect  of  this  sub-family.  Like  the  preceding  species,  this  has  a  habit 
of  clustering  gregariously  on  growing  plants,  specially  on  the  stems  of 
auch  plants  as  jute  and  val  {Dolichos  lablab)  which  are  growing  freely. 
Though  very  common,  none  appear  to  be  pests  since  they  do  not 

confine  their  attacks  to  individual  plants  for  a  sufficiently  long 
time  to  do  harm.  C  siamicum,  Wlk.,  is  widespread  and  common, 

appearing  in  abundance  in  the  rains  among  dense  vegetation.  The  life- 
history  of  no  species  has  been  worked  out,  and  though  these  insects  are 
most  common  in  the  rains,  they  have  been  found  at  all  seasons 
of  the  year. 

It  is  a  curious  fact  that,  while  the  adults  are  commonly  found 
exposed  on  plants,  the  nymphs  are  not,  and  it  is  probable  that  nymphs 
of  this  group  live  wholly  in  concealment  at  the  surface  of  the  soil  or  at 

the  roots  of  plants.  This  applies  very  markedly  to  this  sub -family  and 
also  to  a  large  majority  of  the  whole  family ;  the  species  whose  nymphs 
are  found  living  an  open  life  is  comparatively  small  and  it  will  be 

interesting  to  learn  details  of  the  life  of  these  concealed  nymphs. 

ScutellerincB. — The  obvious  character  that  distinguishes  this  sub- 
family is  the  extension  of  the  scutellum  over  the  hemelytra,  the  latter 

not  being  long  and  folded  as  in  the  previous  sub-family  but  straight. 
The  extreme  base  of  the  outer  margin  is  alone  not  covered  by  the 
scutellum.  The  insects  are  larger,  more  brightly  coloured  and  without 

the  peculiar  facies  of  the  previous  sub-family  (Plate  LXXII,  figs.  5 — 10). 
CatUao  ocellaJtus,  Thunb.,  is  commonly  found  upon  trees  or  vegetation 

and  in  the  fields  during  the  rains.  The  female  has  been  found  to  lay  a 
number  of  eggs  on  a  leaf  and  to  sit  over  the  eggs  until  they  are  hatched. 
The  insect  is  common  both  in  the  plains  and  the  hills.  PoecUocoris 

includes  large  brightly-coloured  species  rarely  found  in  the  plains. 
Setitdlera  includes  plains  species,  the  metallic  green  or  blue  insects 

found    among    vegetation.    S.  ncMis,  Fabr,,  is  the  usual  species^  d* 
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Nic6ville  records  this  as  attacking  grave  vines  and  figures  the  eggs   and 
nymphs    (Indian  Museum  Notes,  V,  p.  119). 

Chrysocoris  stollii,  Wolff,  is  closely  similar  and  equally  general. 
It  has  been  found  among  forest  trees  and  in  dense  vegetation.  Its  life- 

history  is  briefly  described  by  Kershaw  and  Kirkaldy  as  seen  in  S.  China 

(Trans.  Ent.  Soc,  London,  1908,  p.  59).  Chrysocoris  purpurem,  Westw., 
and  C.  margindlus,  Westw.,  are  stated  by  R.  M.  Dixon  to  be  injurious 

in  gardens.  The  former  breeds  freely  on  Jatropha  curcas,  a  common 
bush ;  it  is  familiar  in  South  India,  where  children  know  it  and  catch 

it  to  play  with. 

Hotea  curculiortides,  Herr.  Sch.,  is  a  brown  species,  with  a  resem- 
blance to  a  weevil,  found  among  dead  leaves  under  large  trees.  The 

nature  of  its  food  is  unknown.  Alplwcoris  lixoides,  Germ.,  has  a  still 

more  marked  resemblance  ;  it  is  found  so  rarely  its  habits  have  not 

been  observed.  Arctocoris  indsus.  Stal.,  is  a  small  dark  form,  with  the 

pronotum  deeply  transversely  impressed  and  the  whole  body  and 

scutellum  densely  clothed  in  long  hairs.  It  is  found  in  the  loose  surface 
soil  in  Behar  and  is  seen  but  seldom. 

Oraphosomatince. — In  these  the  scutellum  is  long,  but  the  basal 
and  outer  margins  of  the  corium  are  exposed  and  sometimes  the  apex 

of  the  abdomen  (Plate  LXXII,  fig.  11).  Four  species  have  been  found 

in  Behar,  under  leaves  in  the  fields  or  jungle,  though  all  are  recorded  by 

Distant  from  the  hills  alone.  These  are  all  dull  brown  or  black  species, 

the  typical  colouring  of  insects  which  live  a  concealed  life  on  the  surface 

of  the  soil  under  leaves.  They  are  Storthecoris  nigriceps,  Horv.,  Amauro- 

pepla  derUiculata,  Hagl.,  Mdanophara  apinifera,  Westw.,  and  Podops 

coarctata,  Fabr.  All  are  likely  to  be  found  if  surface  insects  are  being 

collected  in  the  plains.  The  first  two  are  to  be  found  at  the  roots  of 

sugarcane  where  also  their  nymphs  occur.  The  last  was  reported  as 

injurious  to  rice  in  the  Salem  district  in  July,  1907,  with  Tetroda 

histeroides,  Fabr.,  the  only  known  case  of  this  species  being  destructive. 

CydnmcB. — Almost  the  whole  of  the  basal  ventral  segment  is 

covered  by  the  metasternum.  These  are  deep  brown  or  black  insects  of 

moderate  size,  found  under  stones  among  fallen  leaves  at  the  surface  of 

the  soil,  in  dense  vegetation  or  in  the  soil  itself.  Some  are  notorious 

owing  to  their  habit  of  coming  in  immense  numbers  to  lights  at  night, 

and  as  their  odour  is  a  very  powerful    and  aromatic  one,  they  are  a 
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distinct  nuisance  in  the  rains.  As  they  are  otherwise  but  seldom  seen 
and  are  not  found  unless  looked  for,  few  species  are  recorded  as 

general. 

The  most  remarkable  form  is  Stibaropus  molgimis,  Schi.,  a  moderate- 

ly large  dark  brown  insect,  with  a  very  close  resemblance  to  a  Melolon- 

thid  beetle  and  rem'arkable  legs.  The  femora  and  tibiae  are  swollen, 
very  much  so  in  the  hind  legs,  and  suggest  the  burrowing  legs  of  the 

Coprid  beetles,  with  the  difference  that  the  maximuift  development 

lies  in  the  hind  legs,  which  are  very  thick  and  truncate.  The 

remarkable  white  nymphs  of  this  insect  were  found  by  C.  A.  Barber  at 
the  roots  of  a  palm  in  S.  India  at  a  considerable  depth  below  the 
surface.  They  have  the  same  burrowing  legs  as  the  adult.  This 
insect  is  less  common  than  the  smaller  S.  cailidus,  Schi.,  found 

in  the  plains  of  Bengal ;  the  adult  insect  flies  at  night  and  is 
also  found  among  the  roots  of  plants  ;  it  is  typically  a  burrowing 
insect.  We  have  found  it  extraordinarily  abundant  on  the  Ferry 

Steamers  on  the  Ganges  attracted  by  the  electric  lights  and  it 
appears  to  be  most  common  near  large  rivers  in  loamy  soil  (Plate 

LXXIII,  fig.  2).  Cydnus  includes  the  common  black  "geranium 
bugs"  or  "gundies"  which  are  so  great  a  nuisance  (Plate  LXXIII, 
fig.  3).  C.  indictis,  Westw.,  and  C.  varians,  Fabr.,  appear  to  be  the 

usual  species  found.  Their  normal  habitat  is  on  or  in  the  soil,  but  at 

certain  seasons  in  the  rainy  months,  they  come  out  in  great 

abundance  possibly  because  they  are  flooded  out  by  excess  of  rain, 

possibly  because  this  is  their  normal  habit. 

ffeotomm  pygmcBm,  DaJl.,  is  a  smaller  species,  less  commonly  iound, 

but  still  likely  to  be  generally  distributed.  lYie  oxvly  otW-T  common 

Cydnid  is  BrachypeUa  aierrima.  Foist.,  larger  than  Cydnus,  coal  black 

in  colour  and  found  in  the  fields  especially  in  the  early  months  of  the 

year  (Plate  LXXIII,  fig.  1). 

Chilocoris  nitidus,  Mayr.,  is  one  of  the  smallest  of  the  group,  a 
black  insect  measuring  only  Jth  inch  in  length.  The  flat  head  is  set 
round  the  margin  with  spines  and  suggests  that  of  a  Coprid  beetle  ;  it  is 
found  in  soil,  under  stones  or  among  decaying  vegetation.  Apparently 
It  breeds  normally  at  the  roots  of  grasses,  the  nymphs  having  been 
extensively  found  there. 
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PeraatominiB.—kn  extensive  sub-family,  with  a  distinctive  faoies 
and  usually  recognisable,  but  whose  divisions  are  complex  and  should 
be  studied  with  care  in  DUtant's  volume.  This  includes  the  largest 
number  of  common  species,  of  which  we  can  mention  only  a  few. 
EHheaina  fulh,  Thunb.  (Plate  LXXIl,  fig.  12),  and  Halys  detdatm, 
Fabr.  (Plate  LXXIII,  fig.  4),  are  two  large  dull  coloured  species  with 
rather  elongated  head,  the  former  with  flattened  tibise.  They  are 
commonly  found  upon  the  bark  of  trees  and  there  is  some  reason  to 
believe  they  are  predaceous  habitually  or  occasionally. 

Dolycoru  indicus,  Stal.  (Plate  LXXIII,  fig.  10),  appears  to  be  the 
most  universal  of  the  Pentatomids  in  the  cultivated  plains.  It  is  found, 
with  Agonoscelh  nuhila,  commonly  upon  crops,  especially  jute,  lucerne, 
maize,  juar  and  similar  green  crops,  while  it  ocasionally  attacks  ripening 
heads  of  juar  and  other  millets.  It  is  plant-feeding,  but  no  instance  of 
serious  destruction  caused  by  it  has  yet  been  recorded. 

Etisareoeoris  includes  small  bugs  of  rounded  form,  similar  to  Cop- 

tosoma  with  the  scutellum  rather  large  and  prominent.  These  are  found 

upon  plants  (Plate  LXXIII,  fig.  5).  E.  guttiger,  Thunb.,  and  E.  ven- 
tralig,  Westw.,  are  the  common  plains  species. 

Plautia  fimbriata,  Fabr.  (Plate  LXXIII,  fig.  8),  is  a  green  specien, 

the  hemelytra  deep  reddish,  found  on  plants  in   the   hills   and  plains 

and  widely  distributed.  Antestia, 

Eurydema,  Sienogyzum,  Bagrada 
and  Strachia  include  brightly 
coloured  insects  of  a  similar 

facies,  marked  in  red  or  yellow 

upon  black  (Plate  LXXIH,  figs. 
11,  12,  Plate  LXXIV,  fig.  1). 

A.  anohora,  Thunb.,  and  A. 

crudata,  Fabr.,  ate  \u.\\  specieft, 
the  latter  destructive  to  coffee 

berries  and  reported  as  des- 
tructive  to  garden  plants  and 

fruit.  E.  pulohrum,  Westw., 

though  mainly  a  hill  form,  is 

-"  certainly  found  in  Behar  and  may 

extend  further.    It  feeds  upon 
Fig.  439— BAaSAUA  piuia. 
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cultivated  rape ,  mustard  and  allied  plants.  Stenogyzum  speeiosum,  Dall. , 
is  a  smalleT  insect,  found  in  widely  scattered  localities.  Bagrada  jrkta, 

Fabr. ,  is  the  widespread  and  abundant  species,  which  perhaps  comes 
nearest  of  all  this  family  to  being  a  pest,  large  numbers  being 

occasionally  found  upon  rabi  cruciferous  crops.  It  was  strikingly 
abundant  over  North  India  in  the  early  months  of  1909.  Strachia 
crwigera,  Hahn.,  is  a  Malayan  form  found  also  in  the  Assam  Hills  and 
the  valleys  of  Assam  and  Eastern  Bengal,  feeding  also  upon  Cruciferse. 

Agonoscelis  mibila,  Fabr.  (Plate  LXXIII,  fig.  9),  is  an  ocWeous  spe- 
cies with  a  very  close  resemblance  to  Dolycoris  indicus,  with  which  it  is 

constantly  found  upon  field  crops.  (The  distinction  between  these  re- 
markably similar  species  is  that  in  Dolycoris  the  margin  of  the  abdomen 

shows  beyond  the  margin  of  the  wing  ;  in  Agonoacdis,  the  wing  complete- 
ly covers  the  margin  of  the  abdomen.) 

CatacarUhus  incarnatvs,  Dru.  (Plate  LXXIV,  fig.  4),  is  a  large  and 

brilliant  insect,  of  a  bright  red  or  orange  colour,  the  margins  of  the  ab- 

domen projecting  at  the  sides  and  banded  in  yellow  and  black,  much  in- 
creasing the  brilliant  effect  of  the  colouring.  This  is  not  a  common  in- 

sect and  probably  increases  slowly  but  is  widespread  over  the  plains. 
Nezara  viridula,  Linn.,  is  the  familiar  green  bug  so  common  on  potato 

plants,  which  is  now  distributed  almost  over  the  whole  world.  It  is  a 
uniform  leaf  green  colour  above,  in 

some  with  a  lighter  blotch  behind 

the  head  (fig.  440)  or  yellow  with 
only  green  spots.  It  is  common  on 

low  crops  and  can  scarcely  be  reck- 
oned as  a  pest.  Piezodorvs  rvbro- 

fasdatus,  Fabr.  (Plate  LXXIV,  fig. 
10),  is  a  smaller  species,  paler  and 
duller  in  colour  and  often  straw 

coloured,  which  is  very  abundant 
among  low  crops  and  is  obtainable 

in  quantity  on  irrigated  crOps,  es- 
pecially lucerne  and   senii,  in  the  „,    ,,„  „ 

i     ̂   .,  ■•  Fi«.  140— NU ABA  VIBIDrLA. hot  weather. 

Amyoteina  (Aaopinw).—Cazira  verrwsoea,  Weatw.,  i%  an  insect  of 
somewhat  remarkable  appearance  with  a  long  dilated  femur  on  the  fore-, 





PLATE   LXXIV.  -Pentatomidjs. 

Eurydema  pulohrum.     (Pentfttominae). 
'Caatheoona  farcellata.     (Asopinae). 
Aapongopag  janas.     (  Dinidorinae). 
OatacandiQB  incarnatus.     (Pentatominae). 
Audinetia  spinidens.     (Asopinae). 

Urolabida  histrionica.     (UrostyHnae). 
Piaoostemam  datna.     (Pentatominae). 
XoMaratoiua  javanioa, .   (Tonaratomiaae). 

Megarhynohm  roatratas.     (Pliyllooephalinae). 
Piezodorua  rabrofasoiatos.     (Pentatominae). 

Cyciopelta  siccifolia,     (Dinidorinae). 
Elaamostethus  reoarva.     (Aeanthoaomatinae). 

<(Plate  painted  by  O.  N.  Bagohi,  Indian  Maseum,  Calcutta.) 
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leg.  Like  others  of  this  division  it  is  a  predaceoua  insect,  with  a  foreleg 
approaching  in  function  and  structure  to  that  of  the  Mantidse.  CatUhe- 
cona  furcdlaia,  WolfP.  (Plate  LXXIV,  fig.  2),  is  another  form  with  some- 

what the  appearance  of  Dolyooris  indicus,  but  with  the  lateral  angles  of 
the  pronotum  spined.  It  is  found  upon  crop  plants  in  company  with 
Dolycoris  indicus,  and  Agonoscelis  nubila,  but  is  markedly  predaceous 
and  can  readily  be  seen  to  suck  out  caterpillars  and  other  small  insects. 

We  found  it  breeding  abundantly'in  a  plot  of  bariar  {Sida  rhombifolia) 
in  which  caterpillars  were  particularly  abundant,  and  it  is  usually  found 
breeding  in  such  situations.  In  the  intervals  of  such  abundance  of  food, 

the  imago  appears  to  lead  a  precarious  life  of  search  for  food.  It  has 
proved  a  very  serious  enemy  to  the  cultivation  of  tussur  silkworms  in  the 

open ;  large  numbers  of  the  bugs  came  to  the  bushes  on  which  the  worms 
were  and,  in  spite  of  constant  destruction,  managed  to  search  out  and  kill 
many  worms.  It  ia  probable  they  play  a  very  important  part  in  checking 
caterpillars  generally.  AndraUvs  (Audinetia)  sjrinidens,  Fabr.,  is  a  rarer 

insect,  which  feeds  upon  larveB  of  Thermesia  rubricans  and  other  cater- 
pillars, which  is  equally  found  among  herbage  and  low  crops  (Plate 

LXXIV,  fig.  5).  Amyotea  (Asopus)  malaixvricus,  Fabr.,  is  a  bright  red 

insect  with  black  markings  found  occasionally  upon  cultivated  plants. 

The  Ufe-history  of  Zicrona  cceruiea  is  described  by  Kershaw  and  Kir- 
kaldy  (Journ.,  Bombay  Nat.  Hist.  Soc,  XIX,  No.  1,  1909) ;  it  is  found  in 
China  to  feed  on  the  beetle  Haltica  caerulea,  Oliv.,  the  nymphs  feeding 

on  the  larvse,  the  adults  on  the  beetles.  (The  author's  use  of  Cimicida) 
for  PentatomidcB  in  that  paper  will  confuse  the  student  unless  he  knows 

that  Mr.  Kirkaldy  uses  CimicidcB  as  the  correct  name  for  PentatomidcB 

and  Khinophilos  or  Acanthia  for  Cimex,  a  practice  followed  by  this 
author  and  a  few  others. ) 

TessaratomincB. — Tessaratoma  javwnica,  Thunb.  (Plate  LXXIV,  fig. 

8),  is  a  large  brown  bug  over  an  inch  long,  found  upon  trees.  Mr.  Dixon 

has  observed  that  it  produces  a  loud  shrill  noise  when  seized.  We  figure 

it  in  its  nymphal  form  when  it  is  extremely  flattened  and  leaflike 

(fig.  352)  of  the  delicate  red  colour  of  many  young  leaves ;  it  is  common  in 

hill  localities.  The  bug  is  remarkable  as  having  a  stridula^ing  organ 

in  both  sexes.  Its  life-history  and  stridulating  organ  are  figured  and 

described  by  Kersihaw  and  Muir  (Trans.  Bnt.  Soc.,  London,  1907, 

p.  253). 
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DinidorincB.  The  scutellum  small,  membrane  large.  Cychpelta 

includes  several  species  of  which  C.  siccifolia,  Westw.  (Plate  LXXIV, 

fig.  11),  appears  to  be  the  most  common. 

This  insect  is  found  feeding  upon  cul- 
tivated pulses,  and  its  eggs  are  laid 

in  clusters  upon  the  shoots!  Aspongopus 
includes  several  closely  similar  species 

of  which  there  are  three  common  gener- 
ally. A.  janus,  F.,  has  the  pronotum 

and  base  of  elytra  bright  red,  the  head, 

base  of  scutellum  and  membrane  of  wings 
black  (Plate  LXXIV,  fig.  3).  A,  brunneus, 
Thunb.,  and  A.  obscurus,  F.,  are  dull 
brown  above,  the  former  with  the 

abdomen  above  (under  the  wings),  red, 
the  latter  with  it  black.  These  insects 

are  commonly  found  on  low  crops,  among 

roots,  stones,  etc.  One  species,  A.  nepalensis,  Westw.,  is  stated  to  be 

used  as  food  by  natives  of  Assam,  pounded  with  rice.  (Garman  in 

Distant.)  It  is  probable  that  the  insect  gives  a  powerful  aromatic 
flavour  to  the  rice.  Megymenum  pa/ralldum.  Vol!.,  is  one  of  the  many 
black  bugs  found  among  fallen  leaves,  stones,  etc.,  of  whose  food 
nothing  is  known. 

PhyllocefhalincB. — This  sub-family  includes  few  common  species, 

characterised  by  the  markedly  lobate  head.  The  single  species  Randolo- 
tu8  dongatua,  Dist.,  with  the  three  species  (M.  roatratus,  Fabr.,  M.  trun- 
rattis,  Westw.,  M.  limatus,  Herr  Sch.)  of  Megarhynchus  appear  to  be  far 

more  general  than  the  recorded  distribution  would  show.  They  are  of 

peculiar  "dry  grass"  colour  as  befits  their  habitat  and  are  typically  in- 
habitants of  long  dry  grass  in  waste  lands.  (Plate  LXXIV,  fig.  9.)  Te- 

troda  htsteroidea,  Fabr.,  is  a  black  species,  sent  from  Salem  as  a  pest  of  rice, 
with  Podops  coarctata,  F. 

UrostylincB. — Three  genera  of  insects  not  common  generally.  Uro- 
labida  is  without  ocelli,  and  includes  the  only  common  species  V.  histri- 
onica,  Westw.,  a  greenish  insect  with  dull  yellovr  markings,  with  long  an- 
tennse  and  short  rostrum  (Plate  LXXIV,  fig.  6) ;  the  bug  is  found 
upon  the  leaves  of  trees  and  is  known  from  the  Himalayas  and    places 
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in  the  Gangetic  valley  and  delta.  Uroatylis  punctigera,Vf eatd.,  and  Uro- 
chela  quadripurK^ata,  Dall.,  are  also  found  rarely  in  the  plains. 

AcarUhosomaitincB. — Are  distinguished  by  the  tarsi  being  two- jointed. 
.ilficrorfeM<erw8  is  represented  by  two  species,  sparingly  found.  Acan- 

thoBoma,  Sastragda  and  Anaxandra  have  the  pronotal  angles  prominent 

or  spined ;  there  are  a  number  of  species,  widely  spread  and  rare.  Elas- 
nwsteihus  rex^urvvm,  Dall.  (Plate  LXXIV,  fig.  12),  and  others  of  this  genus 
will  also  be  found. 

Collecting. — Pentatomids  are  obtained  by  sweeping  and  beating 
vegetation,  by  ordinary  searching  on  plants,  among  grass  and  low  her- 

bage, on  the  bark  of  trees,  under  dead  leaves  and  decaying  vegetation. 

Some  come  to  light.  Rearing  is  easy  only  if  the  living  plant  can  be  pro- 
vided and  mamtained  in  vigour  to  supply  the  plant  sap.  When  cap- 

tured they  may  be  killed  in  a  Cyanide  or  B.  C.  bottle  and  pinned  through 
the  scutellum  or  right  hemelytron.    Wings  need  not  usually  be  set. 

What  is  principally  required  in  this  family  is  accurate  observation 

as  to  the  food-plants  of  the  nymphs  and  adults  ;  very  little  is  known  and 

prolonged  observation  is  usually  required  to  determine  what  the  food 

really  is.  Another  interesting  problem  is  that  connected  with  breeding 

and  seasonal  appearance  ;  very  little  is  known  as  to  the  seasons  at  which 

these  insects  breed  or  what  checks  their  increase,  and  since  all  the  common 

species  can  readily  be  determined  with  the  aid  of  Distant's  volume,  there 
is  here  a  large  field  for  observation. 

('OREIUiE. 

Antennce  inserted  above  a  line  drawn  from  the  eyes  to  the  hose  of  the 
rostrum.    Scutellum  small.    Rostrum  not  curved. 

In  almost  all  cases,  this  family  is  immediately  recognisable  from  its 

very  distinctive  facies.  In  doubtful  cases,  such  as  the  red  Serinetha, 
the  characters  must  be  carefully  verified.  They  are  insects  of  moderate 

to  large  size  for  the  order,  with  a  length  of  one  quarter  to  one  and  a  half 
inches.  Some  are  heavily  built  and  massive,  others  slender.  Colouring 

is  nearly  always  dull,  the  "dead  leaf"  colour  very  common  in  the  large  • 
forms,  green  or  dry  grass  colour  in  smaller  forms.  Serinetha  and  a  few 
others  are  brightly  coloured. 

The  head  is  small,  deeply  set  in  the  large  prothoraz,  with  four-joint- 
ed and  moderately  long  antennee,  and  a  straight  four-jointed  rostrum 
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extending  in  repose  along  the  ventral  surface  of  the  body.    The  prothorax 

is  large  and  is  often  produced  into  processes  or  spines  at  the  lateral  angles ; 
in  some  cases  these  processes  are 

large  and  rather  grotesque  (Plate  ^ 
LXXVI,  figs.  6,  7) ;   with  these 
are  also  leaflike  expansions  of  the 

legs,  especially  the  hind  legs,  and 
of  the  antennae,  while  the  abdo- 

men is  laterally  expanded   in   a 
smaller  number.     These  leaflike 

expansions  are  accompanied  by 

the    "dead  leaf"    colouration, 
the  deep  dull  brown  of  the  dead 

fallen  leaves.    It  is  perhaps  use- 
less to  speculate  as  to  the  value  of 

these  expansions,  but  the  sight  of 
these  curious  insects  among  green 

plants  or  on  trees  suggests  a  dead 
leaf,  while  on  bark  or  among 

fallen  leaves  the  insects  are  very 

difficult  to  see.  In  our  opinion  these  insects  are  so  formed  as  to  sug- 
gest a  fallen  leaf  when  feeding  on  green  vegetation  and  are  concealed  when 

at  rest  on  bark,  or  among  fallen  leaves.  The  hemelytra  cover  the  wings, 
which  lie  flat  on  the  abdomen,  the  dorsal  surface  of  the  latter  being 

often  brightly  coloured ;  as  this  colour  is  exposed  in  flight,  there 

is  a  marked  form  of  "  deceptive  colouring  "  in  some  forms  (see  page  90). 

The  details  of  the  life-history  are  known  in  only  a  very  few  forms, 
(Plate  LXXV).  The  eggs  are  of  two  types  :  (1)  oval,  flattened  and 
unomamented  (fig.  442),  the  insect  emerging  through  an  aperture  in  the 

flat  upper  surface  {LejOocorisa,  etc.) :  (2)  more  elongated,  the  upper  surface 
not  flattened,  the  insect  emerging  from  the  upper  surface  near  one  end. 

{HomcBocerus,  Clavigrdiai)  The  exact  mechanism  of  the  rupture  of  these 
eggs  remains  to  be  learnt.  The  eggs  are  laid  in  irregular  clusters  openly 

on  the  food-plant  and  are  parasitised  by  Chalcide.  The  number  of  moults 
observed  in  Leptocoriaa  varicornis  is  five,  the  wing  lobes  appearing  at  the 

third.  The  stink-glands  in  the  nj^mph  are  situated  on  the  dorsal  sur|aee<> 
of  the  abdomen,  the  tarsi  are  two-jointed.    The  nymphs  appear  to  have 

Fi|;.  443— Lbftooorida  vakioobnu Kane  x2. 
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t-he  same  habits  as  the  adults.  There  is  very  Uttle  on  record  as  to  the 

food  of  these  insects  though  what  is  known  points  to  them  being  exclu- 

sively feeders  on  plant  sap.     Whether  they  have  special  food-plants 

Fig.     443— H0M(EOCERU8  IN0ENATU8.      NYMPH. 

or  not  is  scarcely  known ;  our  common  species  have  special  food- plants 

among  crops  and  probably  all  feed  only  on  particular  plants,  and  their 

increase  and  spread  is,  therefore,  dependent  upon  their  food-plants.  One 

only  is  a  real  pest  in  India,  the  Rice  bug,  Leptoconsa  varirornis,  Fabr., 

injuring  the  developing  seed  of  rice,  and  millets.  Like  other  Heteroptera 

their  scent  is  not  the  least  striking  feature  of  them  and  though  these 

scents  are  not  wholly  disagreeable,  they  are  powerful.  A  rice  field 

infested  by  Leptocorisa  can  sometimes  be  known  from  afar  and  it  is 

probable  that  the  scent  is  ordinarily  a  protection. 

Distant  enumerates  143  species  as  Indian,  adding  33  in  the  appendix 

to  Volume  IV,  principally  hill  and  forest  species.  A  small  nu
mber  are  com- 
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mon  and  abundant  in  the  plains  and  a  further  small  number  are  found 

here  and  there  where  abundant  trees  and  vegetation  ofEer  food  and  shel- 
ter. Four  sub-families  are  recognised,  distinguished  by  the  troublesome 

and  obscure  characters  that  Hemipterists  choose  for  the  purpose  of 

classification  and  which  we  omit  in  this  place.  The  student  may  see 
them  in  Volume  I  of  the  Rhynchota,  in  the  Fauna  of  India. 

Coreince  include  a  large  number  of  the  large  brown  species  with  dila- 
ted legs  and  expanded  pronota  found  principally  in  the  hills, 

Anoplocnemis  phasiana,  Fabr.,  is  the 

commonest  species  and  is  found  rarely 

in  the  plains,  mainly  in  the  hilly  local- 
ities. It  is  said  to  live  on  Erythrina 

and  occurs  also  on  shrubs  and  grass  in 

many  parts  of  India  where  the  vegeta- 
tion is  sufficiently  abundant.  Dalader 

has  the  abdomen  much  produced  later- 
ally, and,  Uke  the  remainder,  is  the  colour 

of  a  dead  leaf.  Apparently  the  expan- 
sions of  legs,  antenna-,  pronotum  and 

abdomen  found  in  these  insects  are  de- 

signed to  give  the  insect  a  resemblance 
to  a  dead  leaf,  but  it  is  far  less  efficiently 

effected  than  in  the  Lepidoptera  and  Orthoptera.  Dalader  acvticosta. 

Am.  et  Serv.,  and  £>.  'planiventris,  Westd.,  are  the  common  species, 
neither  found  abundantly. 

In  Hotnceocerus  (Plate  LXXVI,  fig.  8)  this  type  gives  place  to  a  less 

grotesque-looking  form,  without  leaf-like  expansions.  This  genus  in- 
cludes many  species  closely  similar,  some  of  which  are  found  commonly 

on  trees  in  the  plains.  It  is  not  easy  to  discriminate  individual  species 
without  the  aid  of  a  named  collection.  Of  the  33  species  recorded  by 

Distant,  less  than  ten  are  found  in  the  plains  and  these  only  occasion- 
ally. Some  feed  on  weeds  (H.  vanabilis,  DalL),  others  on  such  trees  as 

Sissoo  {H.  inornatiis,  Stal.,  H.  IfeviUneus,  Stal.).  The  latter  are  not 

uncommon  where  this  tree  grows,  the  nymphs  being  of  the  delicate 

green  of  the  leaves  among  which  they  feed.  H.  inornattis  sits  near 
the  end  of  a  twig,    and  the  green  colouring  with  the  dull  black  of  the 

Fig.  444— Anoplocnemin 
PHAHIANA. 
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back  BO  much  that  it  appears  to  spring  from  the  dorsal  part  of  the  thorax, 

while  the  legs  with  their  big  claws  also  have  their  position  somewhat 

modified  in  accordance  with  this  curious  habit.  PI.  LXIX,  fig.  8,  repre- 

sents Cyolopodia  hopei,Wstw.  {  =  Si/ke8t),  taken  from  a  "  flying-fox  "  at 
Pusa.    Little  seems  to  be  definitely  known  about  the  life-histories  of  these 

very  remarkable  msects,  but 
what  is  known  indicates  that 

the  development  may  be  of  a 

curious  and  exceptional  nature. 

The  species  recorded  from  India 
are  Raymondia  pagodariim, 

8p.,  Cyrlopodta  hopei,  Wstw., 
and  Pnhfctenes  lyrw,  Waterh. 

BBAUUDiB. 

Miwtte  imnglefm  parasites  of 

Fi(r.  4.S;i— IJrahi.a  i  of.(  a,  thk  lirr  loi'hF 
HiKlily  MaKiiifled. 

(Aflrf  Cowan.) 

The  figures  show  a  ' '  bee- 
louse  "  (Braula).  IJttle  is 
known  about  them  further 

than  that  they  are  found 

clinging  to  the  thorax  of  bees. 

They  are  not  recorded  from 
India. 

SIPHON  AFTER  A.  -(Fleai). 

Small  parasitic  blood-sucking  'jumpn.nq  insects  unth  body  fattened 
from  side  to  side  ;  the  eyes  stmple,  not  compound  ;  vnngs  rudimentary, 

the  shin  horny.  Mouth-parts  well-developed  for  piercing  and  suckinq. 
Antennce  concealed  m  grooves. 

The  Fleas  are  usually  looked  on  as  being  Diptera,  although  the 

wings  are  practically  absent  and  the  whole  form  and  structure  of  the 

insects  have  been  profoundly  modified,  presumably  in  accordance  with 

their  parasitic  habits.  Though  the  idea  that  fleas  are  flies  at  first  sight 

appears  to  be  a  little  far-fetched,  the  modification  which  they  have 
undergone  is  after  all  not  much  greater  than  in  the  parasitic  Cydopodta 
III.  42 
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membrane  suggests  a  leaf  withered  at  the  tip,  as  is  so  often  seen  on 

Sissu  leaves  when  the  weevil  A'poderus  has  been  at  work. 
There  are  a  number  of  other  genera 

and  species,  all  of  which  are  typically 
hill   and    forest     species,   found   but 

rarely    in     the     plains.     Physomerm 
grossipes,   Fabr.,    is   one  of  the    few 
plains  species,  a  dull  brown  insect  with 
thick      curved     dark-banded       hind 
femora.    Acanthocoris  ncabrator,  Fabr. 

(Plate  LXXVI,  fig.  10),  is  also  found 

.     ,  -v--..^^  I     'fl'^ely ;  in  this  the  abdomen  projects 

C^^^^^^^  laterally     beyond      the     hemelytra. 

JBHPPiPVr  Cldus    includes     several    species    of 

^      V^    ̂ vT"  smaller  thickset  insects  with  slightly 
produced     lateral     pronotal    angles, 

FiB  4*5-HoM(KocEBU8  vAiuABiLih.    {o^xid   commouly    in    crops   in    the 
plains.  None  are  injurious.  Five 

species  may  be  found  in  the  plains  and  they  are  not  easy  to  distin- 
guish. C.  Mpundatus,  Westd.,  appears  to  be  the  most  common.  (Plate 

LXXVI,  fig.  12.)  CZetomorjoAa  resembles  (7te<Ms,  but  has  the  abdomen 

produced  laterally.  C.  hastaia,  Fabr.,  is  rarely  found.  (Plate  LXXVI, 
fig.  11.) 

Pseudophloeinw. — Clavigralla  includes  two  species,  C.  gibbosa,  Spin., 

a,nd  C.  horrens,  Dohrn.,  which  five  on  leguminous  crops  and  suck  the 

juice.  They  are  not  injurious,  though  sometimes  abundant  on  tur 

(Cajanus  indicus).  Their  small  reddish-brown  eggs  are  frequently 

found  in  clusters  on  the  pods  of  this  plant.  (Plate  LXXV.)  Stenoce- 

fhalus  lateralis,  Chenn.,  is  a  graceful  dark-coloured  bug  with  a  lateral 

light  stripe  on  the  hemelytra,  found  occasionally  in  abundance  on   low 

plants. 
AlydinoB.—Dulichius  inflatus,  Kby.,  is  the  remarkable  bug  which 

attracted  attention  from  its  resemblance  to  an  ant,  Polyrhachis  spini- 

ger.  Wroughton  drew  attention  to  this  (Proc.  Ent.  Soc.,  London,  1891, 

p.  xvii)  and  Rothney  stated  that  where  this  ant  lives  on  trees  the  bug 

is  also  arboreal  and  not,  as  Wroughton  found,  on  the  surface  under 

stones. 
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Fig.  1.     Riplortus  liiieat'is  list  iuslar  x  4. 
„     2.  „  „       egg  from  side.      x  4, 
„     3.  „  „  „      „     above,    x  4. 

g'>          M          •     „          imago. 

X  4. 

'  [.  Derepteryx  hardwioki. 

X  2. 

8.     UouKeocei'UH  iuoinatus, 

X  2. 

i).     Asciiiotus  biovicoiniii. X  2. 

10      Acanthoooiis  soabralor. 
x  2. 

11.     Cletomorplia  riyu. 

X  :•>. 

12.     CletuH  bipunctatUK 
X  3. 

13.     Corizus  rubicutidus. X  .3, 
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Leptocorisa  varicornis,  Pabr.,  is  the  rice  bug,  whose  prevalence  in  rice 
and  millet  fields  as  the  grain  forms  is  a  serious  matter  for  the  cultivator. 

The  life -history  is  dealt  with 

elsewhere.      (Mem.     Dept.   ' 
Agric,  Vol.  II.No.l.)    This 
insect,  while  living  normally 

among     grass    and    thick 
vegetation,  multiplies  very 

largely  in  rice  'fields  and  is 
one   of   the   few  distinctly 

injurious  Heteroptera. 

Riftortus  (Plate  LXXVI, 

figs.  1 — 5)  includes  several 
species   of    narrow    brown 

insects,  found  flying  among 
grass   in   jungle,    in  crops. 
They   are  common    among 
leguminous   crops  such    as 
the  minor  pulses  grown  with 

other  crops  and  have  been  seen  to  suck  the  pods.   R.  linearis,  Fabr.,  ap- 

pears to  be  the  most  common  species.    Its  life-history  is  shortly  des- 
cribed by  Kershaw  and  Kirkaldy  (Trans.  Ent.  Soc,  London,  1908,  p.  59). 

Corizince. — Corizvs  bengalensis,  Dall.,  is  common  especially  upon 
Bhindi  (Hibiscus  esculentus)  upon  which  it  can  commonly  be  found  during 

the  hot  weather  and  rains.  It  is  a  small  but  peculiarly  elegant  insect,  ot 

very  active  habits  and  is,  at  least  in  part,  plant  feeding,  extracting  the 

sap  and  mucilage  of  its  food-plant.  It  is  found  throughout  India  from 
the  Punjab  to  Madras.  C.  rvbicundtis,  Sign.,  also  occurs  in  the  plains  of 
India  with  the  above  species.  The  nymphs  are  dark  red  with  white 

speckles,  the  newly  emerged  adults  are  bright  red  at  first,  gradually  grow- 
ing dark-coloured.  The^e  insects  cluster  in  masses  on  the  buds  of  PetUa- 

pdes  indica  and  give  the  sSme  appearance  as  do  the  vivid  red  flowers 
of  the  plant.    (Plate  LXXVI,  fig.  13.) 

Serinetha  includes  two  red  spedes  which  will  be  confused  with  Pyrrho- 
ooridcB  and  which  are  the  only  brightly  coloured  speoieB  likely  to  be 
fqund.    S.  abdominalis,  Fabr.,  and  5.  aiigw,  F&br.,  are  both  common, 

Fig.  446— Lbptocobisa  varicornis  x  2 
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and   are    frequently    found  upon  cotton  with  the    Red  Cotton  Bug 
{Dysdercua  cingulatus,   Fabr.) ;  they  are  known  not  to  feed  on  cotton 

seeds  as  this  species  doea,  and 
are  harmless;  R.  M.  Dixon 

observed  one  specimen  of  S. 

augur  feeding  upon  another 
of  its  own  species  in  the  field, 
which  points  to  carnivorous 
habits,  and  S.  abdominalis, 
Fabr.,  has  been  seen  feeding 

Fi(f.  M7-SEiuNKT«A  AUo.K.  upon    Dy,iercus    cingulatus, 
Fabr.,  which  it  closely  resembles. 

BERYTIDiE. 

Like  Coreidce  but  wUh  long  legs,  the  apices  of  the  femora  swollen. 

This  family  includes  five  small  delicate  insects  of  slender  build,  and 

of  great  apparent  rarity.  They  are  far  commoner  than  their  recorded 
Indian  distribution  would  show,  but  are  seldom  noticed  or  collected. 

Paleologus  feanus,  Dist.,  was  found  in  Burmah,  Metacanthus  puhhellvs. 
Dall.,  in  Northern  India,  ̂ M6er<ie/Za  cardamomi,  Kirk.,  byE.  E.  Green  in 

Ceylon,  Metatropis auriia,  Breddin,inDarjeeling  andCapyg  malacaipus, 
Stal.,  in  Ceylon.  The  unobservant  student  will  probably  think  he  has 
the  little  Reduviid  Lorichius  un^natus,  Dist.,  when  he  first  sees  these 

graceful  insects,  but  he  may  remember  that  in  this  the  base  of  the 
tibia  is  dilated,  not  the  apex  of  the  femur,  even  if  the  rostrum  tells 
him  nothing. 

Metacanthus  pulchellus,DB,\l.,  is  the  common  Indian  form  sometimes 
seen  in  abundance  upon  cultivated  cucurbitaceous  plants.  It  is  a  slender 

greenish  insect  with  the  femora  and  antennae  swollen  at  the  apex. 

Antennm  inserted  on  the  side  of  the  head.  Ocdli  present. 

A  family  of  considerable  magnitude,  whose  members  can  usual]}> 
be  distinguished  in  the  field,  not  by  any  accurate  characters  but  by 
family  resemblance.  There  is  no  real  character  dividing  these  insects  from 

the  CoreidcB :  no  one  would  separate  the  smaller  Coreidcs  from  many 

LygcBtdw  (fig.  446)  on  the  one  character  given,  viz.,  the  position  of  the 
antennas,  and  where  the  student  has  a  small  bug  obviously  possesaed  of 
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white  markings  on  the  membrane  of  the  hemelytra.    Both  are  common 
throughout  the  plains. 

Graptostethus  includes  five  species  that  may 
be  found  anywhere  in  the  plains,  of  which  6. 

serous,  Pabr.,  is  by  far  the  most  common.  It  is 

not  injurious  and  there  are  no  accurate  obser- 
vations as  to  its  food,  0.  trisiqnatus,  Dist.,  in 

common  in  Assam  and  as  far  west  as  Behar. 

G.  Mxoni,  Dist.,  is  abundant  in  the  Central  Prov- 
inces, as  also  in  Bombay.  G.  maculatvs,  Dall , 

though  recorded  only  from  ''  North  India  "  and 
Narkanda,  is  common  in  Pusa  on  low  iierbage. 

Asfdlocoryphus  gvttiger,  Dall.,  will  be  confused 
Fig.  449— LYo*ob  mili   with  Graptostethus  dixoni,  Dist. TAIUB  X  .3. 

Melanotelus  hipunctatuii,  Dall.,  is  a  small 
insect  found  on  sand  dunes  near  the  sea.  Nysius  minor  Dist.,  is  a 

very  small  delicate  insect  of  a  dull  brownish 
colour,  found  abundantly  on  tobacco  and  green 

plants.  It  has  been  found  breeding  in  great 

abundance  upon  the  common  weed,  Euphorbia 

pilulifera. 

CymincB  includes  two  genera  of  small  little- 
known  insects.  Cymus  tabidus,  Stal.,  occurs  in 

Behar,  in  grass. 

BUssitKB. — Macropes  includes  narrow   parallel-sided  forms  in  which 

the  hemelytra  fail  to  cover  the  abdomen.    M.  tinctus,  Dist.,  appears  to 
be  common,  while  M.  punctatus,  Wlk.,  is  also 
found.  These  little  insects  have  spiny  dilated 
forelegs  and  are  probably  predaceous.  Bligsus 
gibbus,  Fabr.,  is  not  uncommon  and  is  en- 

tirely harmless,  found  on  cane,  grasses,  etc. 
Its  nymphs  are  found  at  the  roots  of  grasses. 

GeooorincB. — Geocoris    is    the   sole    Indian 
genus,  with  small  insects   with  broad   head 

Fig.  451-Bussus         *"^  thickset  body.      G.  tricolor,  Fabr.,  is  the 

TAA^'DUittnH)  common  species,  found  in  the  twisted  shoots  of 

Fig,  4fi()-NVHlUb MINOU   K  4. 
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Fig.  448— Head  OP  COR  KID  (ABO  VB) 
AND  LVCfllD. 

ocelli,  it  may  be  either  family.    The  Lygcddce  are  small  insects,  few 

exceeding  one-third    of    an    inch.    Some    are  vividly    coloured  with 
warning  tints,  the  majority  are    dull 
earth  or  bark   colour.    The    head   is 

distinct,  the  antennae  moderately  long, 
with  compound  eyes  and  ocelli.     The 
rostrum  is  straight,  in   repose  closely 

applied  to   the   under-surface  of  the 
body  between  the  legs.     The    legs  are 
long,  formed  for  active  running.    The 

heraelytra  lie  closely  on  the  abdomen. 
Males  are  distinguishable    only    with 

difficulty   and  there   are  no   obvious 
external  characters. 

Practically  nothing  is  known  of  the 

life-history  and  food  of  these  insects, 

the  life-history  of  only  one  species 
(Oxycarcmvs  Icetus,  Kby.),  having  been  worked  out  in  India.  A  few 

are  plant-feeding,  one  is  injurious  to  a  crop  f)lant,  one  is  predaceous 
and  the  food  of  the  remainder  is  a  matter  of  doubt.  Distant  remarks 

that  the  family  is  an  important  one  economically.  This  does  not  apply 

to  India  ;  we  include  only  one  Lygaeid  in  our  list  of  injurious  insects, 
this  being  Oxyrarwnus  Imtus,  Kby.,  the  Dusky  Bug  of  Cotton. 

Distant  enumerates  143  species  in  the  Fauna  of  India,  and  has  added 

others  since  (A.  N.  H.,  1909,  p.  .317). 

The  Indian  forms  fall  into  nine  sub-families  as  listed  in  the  Fauna 

of  India  ;  it  is  probable  that  the  classification  of  these  insects  will  be  con- 
siderably improved  by  revision,  when  more  natural  divisions  are 

adopted. 

Lygodnce. — The  brightly  coloured  forms  are  included  here,  small 
red  and  black  insects  common  everywhere  on  vegetation. 

Lygceus  militaris,  Fabr.,  is  very  common  and  occurs  on  cotton  and 
other  plants  as  well  as  on  akh  (Calotropis).  It  is  not  mjurious  and 
seldom  abundant.  The  fore  femora  are  armed  with  spines.  The  small 

oval  eggs  are  laid  in  clusters  on  soil  or  on  sheltered  spots  on  the  food 

plant,  the  young  being  red.    L.  kospes,  Fabr.,  is  smaller,  without  the 
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cotton  in  which  lives  the   mealy  bug  Dactyhpiiu  nipcB,    Mask.    It  is 

known  to  be  predaceous  upon  the  bugs,  but  may  also  be  vegetarian. 

Fig.   4.'52— MACHOPJ*  BUKHC8  GBOOOKIS 
THfCrUS   X   4j.  GIBBUS  K  4.  TRICOLOR  X  4. 

ColobathristincB. — A  single  species  will  be  found,  the  slender  Artend- 
dorm  fressus,  Dist.,  in  which  the  base  of  the  abdomen  is  contracted  into 

a  distinct  *'  waist." 

Heterogastrinm. — Four  rare  species  occur  in  India,  and  Dinomarhiis 
rhacinm,  Dist.,  common  on  tree  trunks.  Epibomius  Pusa,  Dist.,  is  also 
known. 

Pachifgronthince. — A  single  species,  PachygrofUha  dixoni,  Dist.,  was 
found  in  Bombay. 

Oxycareninm. — The  only  destructive  member  of  this  family  is  the 
little  Dusky  Bug  of  Cotton,  Oxycarmus  IcBtus,  Kby.,  common  throughout 
the  cotton  growing  areas  of  India.  The  eggs  are  laid  in  the  lint  near  the 

cotton  seed  :  the  young  hatch  there  and  live  till  they  are  adult  in  the 
boll,  sucking  the  seeds.  The  only  other  common  species  is  0.  lugitbris, 
Motsch.,  found  on  low-growing  plants 

AphanincB. — This  sub-family  includes  the  greater  number  of  species. 
Pamera  pallicornis,  Dall.,  is  a  common  insect  in  grass  as  also  is  the  smaller 
P.  vincta,  Say.  The  form  of  the  prothoraz  with  its  narrowed  anterior 

half  is  a  guide  to  recognisi^jLg  this  genus.  It  is  probable  that  these  little 
insects  are  predaceous.  Appdonius  dncticorms,  Wlk.,  is  a  little  over  one- 
tenth  of  an  inch  long,  a  nearly  black  insect  found  among  grass  and  low 
vegetation.  Lachnophorua  singalensis,  Dohm.,  will  be  found  and  there 

are  probably  many  species  in  the  allied  genera  not  yet  described,  but  to 



LYOiKlDiK. 

be  found  everywhere  in  India.     Aphanm  is  commonly  represented  by 
dull  brown  or  black  bugs  found  among  fallen  leaves  and  in  abundance 

Fij!.  4f3— Artbmiiioruh 
PREHNUM.   X  i 

Fiff.    454— OXTC'ARK- SVH    LJV,TVB. 

(After   mutant.) 

in  the  debris  at  the  base  of  the  trunk  of  a  big  tree  such  as  apipal  {FicuB 
rellgiosa).    A.  sordidus,  Fabr.,  A.  bengalensis,  Dist.,  and  A.  orientalw, 

Dist.,   appear  to   be  the  common    species.    De 

Niceville's  observation  as  to   the   injury  caused 
by  the  former  insect   has  never  been  confirmed 

and,  apart  from  this  one  instance,  these  insects 

have  not  been  recorded  as  injurious.    They  have, 

however,  been  found  to  infest  threshing  floors 

and  to  carry  off  the  wheat  grains  to  the  margins 
of  the  floor  and  hide  them.    What  nourishment 

they  can  extract  from  a  dry  wheat  grain  seems 

doubtful,  unless  their  salivary  excretion  has  sol- 

vent powers,  but  they  carry  off  the  grains  so 

abundantly  that  the  cultivators  require  to  collect  them  again   every 
morning. 

Dieuches  uniguUattis,  Thunb.,  is  an  abundant  insect  among  fallen 

leaves  in  grass ;  it  resembles  Pamera  but  is  larger.  Other  species  of 

Dieuches  will  be  found,  D.  leucoceras,  Wlk.,  being  widely  spread  but  not 

common.  Pceantius  jeslivus,  Dist.,  is  the  last  of  these  small  dusky  bugs 

found  among  leaves  that  we  can  mention  here  ;  it  is  known  from  Bengal 

and  Behar  but  probably  has  a  wider  distribution. 
itL  44 

Fig.  45S— Pamera 
VIlfCTA.  X  4. 





PLATE   LXXVII.— Dtsdeecos  Cinoulatus. 

Red  Cotton  Bcg. 

Fiff.  1.  Eggs,  natural  size  and  magnified.     On  the  right,  withoat  black 
baokgronnd,  ia  a  single  egg  jast  before  hatching. 

„  '2.  Njmphs,  first  instar,  immediately  after  batching  and  later. 
„  3.  Njmph,  second  instar. 
»  4.  „         third         „ 
i>  6-  „         fourth       „ 
„  6.  .,         fifth 

7. 

8. j-Imago. 

The  natural  length  of  figures  2  to  6  is  shown  by  the  hair  line  beside 
each.     (Reprintod  from  Memoirs  of  the  .Agricultural  Department.) 
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Collecting.— The  smaller  species  are  found  in  grass,  in  fallen  leaves, 
among  thick  vegetation  and  are  probably  much  more  numerous  in 

Fir.  456— Paromius  sevchellbnsis.  x  3. Vig,  457— DIRUCHBB  CNIOCTTA- 
TVk.      X   3. 

species  than  the  present  records  show.  They  have  been  very  little 
collected  in  the  plains  and  there  is  a  large  field  for  new  work.  This  is 

true  also  of  the  bionomics  of  the  family,  the  life-histories  are  almost 
wholly  unknown,  the  food  of  the  adults  and  nymphs  has  not  been 

recorded  and  from  every  point  of  view  the  family  have  been  neglected. 

PVRRHOCORIDiB. 

Ocelli  absent.    AntenncB  inserted  on  the  side  of  the  head. 

This  family  includes  a  number  of  species  usually  of  larger  size  and 

brighter  colouring  than  the  Lygseids.  The  size  varies  from  one-quarter 
to  nearly  two  inches  in  length.  The  colours  are  typically  warning,  and 

red  is  the  predominant  colour.  All  known  are  plant-feeding  and  the 
raajority  feed  openly  exposed  on  their  food-plant.  There  are  several 
species  with  the  membrane  of  the  hemelytra  missing  or  abbreviated, 
and  there  is  some  amount  of  variation  in  this  respect  within  the  limits 

of  a  single  species.  In  nearly  all  the  sexes  are  similar,  the  males 
little  smaller ;  in  one  speeies  the  male  is  marked  by  the  great  length 
of  the  abdomen  (Lohita  grandis). 

Details  of  the  life-history  are  known  for  only  one  species,  Dysdercus 
cinqvlatus,  Fabr.,  and  nothing  appears  to  be  on  record  as  to  the  habits 
or  life-history  of  other  species.    As  a  whole  the  family  is  not  really 
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impo^^nt,  Dysdercus  cingulatus,  F.,  being  a  pest  to  cotton  but  no other  spec.es  bemg  as  yet  definitely  known  to  be  destructive.  What checks  there  are  on  these  insects  remains  to  be  seen;  a  Tachinid parasitises  Dysdercus  cingulatus  and  Mr.  Mason  has  found  that,  despite the  warning  colouration  and  odour,  birds  eat  this  species 

b./T!T""^^.^T''  ̂ ''  ''''  ""**^  "^'^*'^'  ̂ ^g'"^"*  ''left  at  the 
base.    LohUa  grandu,  Gray.,  is  the  most  conspicuous  of  the  sub-family. It  18  a  large  red  and  black  species, 

the  male  with  abnormally  elongated 
abdomen  and  an  tennee.  Its  appear- 

ance is  striking  and  as  it  occasion- 
ally occurs  abundantly  on  bhindi 

and  cotton,  it  is  sometimes  taken 
to  be  a  pest.  Its  distribution  is,  in 
India,  confined  to  the  warm  moist 
areas  of  Bengal  and  Assam.  Iphita 
limbata,  Stal.,  is  brownish  red  with 
pale  edges  to  the  wings  and  prono- 
tum.  It  has  been  found  in  great 
numbers  upon  forest  trees,  large 
numbers  living  gregariously  in 
depressions  in  the  bark,  the  ground 
below  littered  with  their  exuviae 

showing  that  they  had  lived  in  that  situation  for  some  period.  Its 
distribution  is  also  limited,  but  it  will  probably  be  found  more  widely 
spread  in  suitable  places.  Physopelta  gutta,  Burm.,  is  not  uncommon 
in  Assam  and  Bengal,  represented  in  the  West  of  India  by  P.  apicdis, 
Wlk.  P.  schlanbuschi,  Fabr.,  will  probably  be  found  throughout  the 
plains  ;  it  is  common  in  Behar  in  the  cold  weather. 

PyrrhocorincB. — Antilochus  coqueberti,  Fabr.,  is  a  common  bug, 
bright  scarlet  with  the  membrane  black,  found  in  many  localities  among 

dense  vegetation.  OdorUopus  ni^ricornis,  Stal,  is  similar  but  with  a  large 
black  spot  on  each  forewing.  Dermatinug  lugubris,  Dist.,  is  a  small 

black  insect  with  short  truncate  hemelytra,  found  widely  in  the  plains. 
Scantius  pollens,  Dist.,  rlso  appears  to  be  common  over  Northern  India 

Dn  maize,  bhindi  and  other  crop  plants ;  S.  volucrin,  Gerst.,  appears  to  be 

sommon  in  the  Central  Provinces.    Dysdercus  cingulatus,  Fabr.  (Plate 

Fig.  458— LOHITA  ORANDIS. 
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feeding  openly  upon  the  leaves.  None  are  pests  and  but  little  is  known 

of  this  group.  They  are  occasionally  found  abundantly  and  cases  have 
been  seen  where  they  were  so  abundant  upon  a  plant  as  to  apparently 
cause  damage.  The  small  number  of  recorded  Indian  species  is  due  to 
the  minute  size  of  the  insects  ;  only  with  a  good  lens  can  the  nature  of 
the  little  insect  be  discerned  and  they  have  on  this  account  been  but 

little  collected.  Distant  has  recently  described  more  Indian  species 
(Ann.  Soc.  Ent.  Beige,  1909,  p.  113). 

Monnnthia  ghbulifera,  Wlk.,  recorded  from  Madras  and  Ceylon,  is 
found  also  in  Behar  upon  an  aromatic  garden  herb  as  also  upon  sweet 
B&sil  (Ocimumbasilicum).  Urentius  echinus,  Dist.,  is  found,  often  abun- 

dantly, on  brinjal  (Solatium  melongena).  Green  has  observed  that  the 

nymphs  Uve  on  the  under,  the  imagines  on  the  upper  surface  of  the 
leaves.  The  leaves  become  discoloured,  but  there  is  no  real  damage  done 

as  a  rule.  E.  J.  Woodhouse  has  found  Paracopivm  cingalense  causing 
hypertrophy  of  the  corolla  of  Clerodendron  phhmoides  in  Bengal. 

Abadida'. 
Flat,  dull-coloured  insects,  the  forelegs  inserted  on  the  disk  of  the  sternum, 

without  ocelli ;  tarsi  two-jointed,  antennw  four-jointed. 

These  bugs  are  of  extremely  distinct  facies  and  easily  recognised. 

The  antennae  are  short  and  thick  ;  the  body  much  flattened,  the  heme- 
lytra  lying  flat  upon  the  abdomen  and  only  occupying  the  middle,  the 

apex  and  sides  of  the  abdomen  visible  from  above.  All  are  dull-coloured, 
black  or  brown,  in  conformity  with  their  habitat,  which  is  under  bark, 

stones,  fallen  leaves,  etc.  Their  habits  appear  to  be  wholly  unknown 
and  these  insects  are  far  from  common.  Nearly  all  the  known  Indian 

species  are  recorded  from  the  hills ;  probably  more  will  be  found  when 

the  large  soil-surface  fauna  comes  to  be  investigated.  Neuroctenus  par, 

Bergr.,  is  the  most  likely  species  to  be  found,  under  conditions  of 
sufficient  moisture. 

Hbbridj:. 

Body  dothed  below  with  silvery  pubescence.    Ardennes  five-jdnteA, 

Small  insects  found  in  damp  places  and  semi-aquatic  in  habit.  A 

singlespecies^Te&rtMon'en^a/ts,  Dist.,  was  collected  in  Burma  by  Fea,  this 
being  the  only  known  species  from  British  India.    As  the  number  of 
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LXXVII),  is  the  most  abundant  species,  feeding  upon  cotton,  bhinda 
and  many  weeds  and  also  in  large  number  on  the  seeds  of  the  silk-cotton 
{Bombax  mcdabaricum).    It  will  be  readily 
mistaken  for  other  species  but  is  distinct 

in  having  white  bands  across  the  body 
beneath  and  a  white   collar.    Its   occur- 

rence upon  cotton  and  the  destruction  it 
causes  to  cotton  are  described  elsewhere 

(Mem.  Agric.  Dept.,  India,  Ent.   Vol.  II, 

No.  3).    When  the  silk-cotton  is  in  fruit, 
the  bug  multiplies  enormously,  and  when 
the  seed  is  blown  down,  the  hug  descends 
in  great  numbers  and  is  foxmd  in  masses 

on  the  ground.    It  is  curiously  gregarious, 
the  vivid   scarlet   bugs    assembling     in 

bunches  on  their  food-plant,  a  singularly 
pretty  sight.    D.  evanescena,  Dist.,  is  con- 

spicuous by  the  brown  membrane  of  the 

heraelytra  ;  it  is  widely  spread  in  India 
but  not  abundant  and  only  rarely  captured. 

Fig.  459— OnONTOPUS NIGRICOKNIS. 

TiNGiD.*!. — Lace-Wing  Bugs. 

The  hemelytra  reticulate,  the  pronotum  usually  with  reticulate  markings 

esiending  on  the  lateral  leaf -like  expansions. 

These  small  insects  are  amongst  the  most  beautiful  of  the  smaller 

insect,  but  are  very  little  known  and  not  generally  noticed.   Pew  have  a 

length  as  great  as  one*quarter  of  an  inch  and 
all  are  dull-coloured  and  inconspicuous.  The 

head  is  small  and  usually  covered  by  the  pro- 
notum, which  often  has  lateral  expansions. 

The  lace-like  markings  extend  over  the  whole 
upper  surface,  the  hemelytra  being  thin  with 

inegular  thick  lines  forming  the  ornamenta- 

tion Tingidce,  so  far  as  known,  are  purely  plant- 
feeding  insects,  living  as  a  rule  gregariously 

Fig.  MO— MoxANTBu  upon  their  host  plants.  Their  eggs,  as  far  as  _ 

{Prom  ZHBtani.)         known,  are  laid  in  plant    tissues,  the  nymphs 
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joints  iuthe  antenna  is  a  matter  authors  do  not  agree  on,  the  family  is 

not  easy  to  recognise. 
BYDROMBTRIDiE. 

AtUenncB  four-jointed.   Body  beneath  cUahed  in  silvery  vdvely  pu- 
begcence.    Live  on  surface  of  water. 

These  are  small  insects  of  dull  colour,  found  on  the  surface  of  still 

water  and  on  the  sea.    Grey,  black,  and  dull  straw  colour  are  the 

FiK.  '461— Gerkis  hfisoIuG.    >  5. 

prevailing  tints.    The  antennae  are  long,  the   eyes  well   developed, 

the  rostrum  short  and  curved.    Nearly  all  are  winged  and  fly  readily ; 

the  legs  are  usually  long  and  hairy,  so  that  the  insects  can  run  along 

the  surface  film  of  water  without  "breaking"  it. 

Nothing  is  on  record  as  to  their  life-history  in  India ;  all  are 

probably  predaceous  on  insects  which  fall  into  the  water.  They  have 

no  economic  importance  and  have  been  very  little  collected  and  not 
studied  at  all. 

MesovdiincB.—Mesovelia  mulsarUi,  Buch.,  is  the  sole  species  in  India, 

a  small  insect  found  on  water  weeds  in  Indian  rivers  ;  it  has  escaped* 
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record,  being  known  previously   from  Ceylon  and  from  the  Nearotio 
and  Neotropical  region. 

HydrometrincB — Hydrometra  vittata, 

Stal.,  is  the  sole  species  of  this  sub-family 
found  in  India.  The  extremely  linear 
form,  the  very  elongate  head  with  the 
eyes  set  in  the  middle  and  the  antennae 

at  the  apex  make  this  a  very  striking  in- 
sect. It  is  found  on  still  water  or  on 

the  mud  at  the  aides  of  tanks  and  is  a 

sluggish  inactive  insect,  possibly  pre- 
daceous. 

VeliincB. — Though  the  Palearctic  Velia 
currens,  Fabr.,  has  been  found  in  the 

extreme  North  of  India,  few  other  species 
I'iBi    462— MEBOVEUA  MUL84NTI.  ,  j      r  i-i     i        , 
IB.  ™.  i««>«Yr,m«  «uKo  «  appear  to  occur  and  few  are  likely  to 

be  found  in  the  plains.  Microvdia  sin^aknsis,  Kby.,  has  been  found 
to  feed  on  larvae  of  Cvlez  faiigans  in  India  (F.  M.  H.). 

GerrincB. — At  least  five  species  of  Gerris  are  known  to  occur  in  the 

plains  of  India,  one  or  more  of  which  are  likely  to  be  found  in  any  slow 

moving  or  still  fresh-water.  These  are  elongate  dark  coloured  insects 

with  long  posterior  legs,  the  forelegs  and  antennae  of  moderate  length, 

the  beak  short,  curved  and  formed  as  in  the  Reduviidce.  These  insects 

move  actively  on  the  surface  of  water  and  are  predaceous  upon  insects 

sucking  out  the  juice  of  any  which  fall  into  the  water  or  alight  there. 

They  are  to  some  extent  gregarious  and  in  large  tanks  or  lakes  become 

very  abundant.  Q.  fluviorum,  ¥.,G.  fossarum,  P.,  and  6.  sjnnolcB,  Leth. 
et  Sevn.,  are  common  large  forms;  G.  niiida,  Mayr.,  and  G.  tristan, 
Kirk.,  represent  the  smaller  forms. 

Hedobaies  are  marine  insects  and  while  three  are  reported  from  the 

Indian  Ocean,  a  fourth  is  found  abundantly  on  the  West  Coast  during 

May,  when  strong  winds  blow  in  from  the  sea  and  apparently  bring  in 
abundance  of  these  insects,  which  are  helpless  on  the  sand.  This  is 

HaldbeUea  germanm,  Buch.,  a  pretty  little  grey  insect,  not  hitherto 
recorded  from  this  country.  J.  J.  Walker  has  noted  the  occurrence  of 
Halobates  on  the  surface  of  the  Indian  Ocean  at  a  distance  of  500  miles 

from  the  nearest  land    (Ent.  Mo.  Mag.,  1900,  p.  115). 
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Henicocephauda. 

Head  divided  into  two  distinct  lobes,  prUhorax  into  thee. 

Hemelytra  membranous. 

This  family  includes  small  insects,  allied  to  Reduviidse,  but  with  a 

very  distinct  facies.  The  figure  exhibits  the  peculiarities  of  structure 
in  our  commonest  form.  There  is  but 

one  genus  Henicocephalus,  with  one 
species  H.  basalis,  Westw.,  common  in 

the  plains.  This  has  the  tarsi  single- 
jointed,  the  foretibia  with  two  spurs 
at  the  apex.  It  is  found  in  damp  soil 

and  is  apparently  a  predaceous  form 

not  uncommon  among  decaying  vege- 
tation and  in  compost  heaps  where 

insect  life  is  abundant. 

PuTMAiiu-*:. 

The  forelegs  are  short,  the  femur  broad- 
ened, the  tibia  curved  and  'pointed, 

tightly  pressed  against  the  femur. 

These  curious  insects  are  recognis- 
able  from  the    peculiar  forelegs,  the    „.     ,„„   „ 

^.  "  FlJt.  463-HKNIOOCBPHALD8  BASALIb. 
tibia  working  against  the  femur  as  in 

Mantids  or  clawhke  as  in  crabs.  Of  the  13  known  Indian  species,  none 
are  common,  and  all  are  hill  forms,  not  likely  to  be  found  in  the  plains 
except  after  much  searching.    The  insects  are  believed  to  be  predaceous. 

Saldida. 

Rostrum  curved,  hng.    Ocelli  placed  between  the  eyes. 

A  small  family  with  three  recorded  Indian  species  from  widely 
separated  localities.  They  may  be  recognised  by  the  long  curved 
rostrum,  and  by  the  absence  of  a  cuneus  in  the  elytron.  Salda  Dixoni, 
Dist.,  was  found  on  the  Bor  Ghat  (Bombay  Presidency)  and  is  the 
sole  described  truly  Indian  species.  These  insects  as  a  rule  live  a  semi- 
aquatic  life  in  wet  vegetation,  or  near  water  and  more  are  likely  to  be 
found  when  they  are  looked  for. 
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Valleriola  cicinddoides,  Dist.  (A.  N.  H.,  1909,  p.  40),  is  found  at 
Pusa  running  actively  near  an  open  water  channel ;  it  is  extremely  like 
a  Cicindela  in  appearance  and  movements,  and  appears  to  be  predaceous 
upon  other  insects. 

Reduviid^. 

Rostrum  curved,  usually  stout,  not  closely  pressed  to  the  prosternum. 
Head  usually  elongate. 

The  strong  curved  beak  is  characteristic  of  the  family  and  cannot 
be  mistaken  in  the  field.  They  are  insects  of  moderate  size  from  a 

quarter  to  over  one  inch  in  length,  usually  about  half  an  inch.  Colour- 
ing is  either  dull  and  sombre  or  vivid  and  warning,  red  and  black 

beinfi!  common  in  the  latter  case.  A  small  number  of  species  resemble 

the  large  brown  Coreids,  some  resemble  flies  and  Neuroptera,  and 
others  mimic  brightly  coloured  Pyrrhocorids  and  Lygseids.  The  head 

is  long,  the  eyes  situate  remote  from  the  edge  of  the  pronotum.  The 
antennae  are  simple  and  of  moderate  length.  The  rostrum  is,  with 

few  exceptions,  three-jointed.  The  prothorax  is  distinct  and  well 
developed,  often  transversely  constricted  in  the  middle.  The  wings  lie 
flat  on  the  abdomen  in  most  species.  The  legs  are  long,  formed  for 
quick  running  ;  the  femora  and  tibiae  are  often  spined.  The  form  of 
the  body  is  varied  and  while  many  are  robust  and  similar  to  Lygmdce, 

some  are  slender  and  resemble  delicate  flies.  The  sexes  are  usually 
similar,  the  female  sometimes  wingless  when  the  male  is  winged. 

Remarkably  little  is  known  of  the  details  of  the  life-histories.  Eggs 
are  laid  in  clusters  on  plants  or  other  objects  in  the  open  and  are,  in 
the  known  oases,  of  the  cylindrical  form  found  in  Pentatomids  with  a  Ud 

that  allows  of  emergence.  The  nymphs  are  similar  in  form  and  colour- 
ing to  the  adult,  the  wings  developed  during  the  later  instars.  Both 

nymphs  and  adults  are  found  on  plants,  on  grass,  among  herbage, 
under  fallen  leaves  and  in  other  situations  in  the  open.  A  number  arf 

known  to  feed  on  the  body  fluids  of  insects,  which  they  pierce  with  the 

beak  and  suck  out,  while  the  spined  forelegs  hold  them.  Some  of 

these  species  have  a  painful  bite,  due  to  the  injection  of  fluid  at  the 
moment  of  puncture.  Others  feed  upon  the  juices  of  plants  and 
somewhat  divergent  views  are  expressed  as  to  the  relative  numbers 

which  are   predaceous  and  herbivorous.    It  is  probably  correct  to  say 
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that  of  the  common  plains'  species  the  majority  are  predaceous,  a 
smaller  number,  especially  those  living  on  trees,  herbivorous.  Many 
are  diurnal  in  habit,  many  nocturnal  and  the  latter  are  attracted  to 

light.  As  in  other  insects  with  no  metamorphosis,  the  imaginal  life  is 
more  extended  and  important  than  the  nymphal.  The  duration  of 

nymphal  life  is  not  known  in  detail ;  hibernation,  sestivation  and 
similar  states  are  apparently  passed  mainly  in  the  imaginal  stage  and 
no  definite  seasons  for  reproduction,  etc.,  have  been  established.  Like 

other  insects  they  are  most  active  and  abundant  during  the  rains,  when 
both  insect  and  plant  life  ailords  abundant  food,  but  they  are  also  to  be 
found  at  other  times,  except  when  cold  causes  them  to  become  dormant. 

None  are  recorded  as  pests  and  it  is  believed  that  most  are  beneficial. 

Nothing  is  known  as  to  the  enemies  of  these  insects.  Their  powerful 
odour  and,  in  some  species,  their  poisonous  bite  are  defensive  and 

may  protect  them  from  birds  and  other  foes.  The  species  of  Avanthaii- 
jm,  Conorhinus,  Pirates  and  Ectrychotes  especially  have  a  poisoned 
bite,  one  so  painful  that  they  should  be  handled  by  the  student  with 
care,  lest  in  the  surprise  of  the  sudden  pain  the  specimen  escape. 

ReduvndcB  occur  throughout  the  tropical  and  temperate  zones,  with 

the  maximum  development  in  moist  tropical  areas.  The  family  is  a 

large  one  and  over  250  species  are  recorded  as  Indian  by  Distant  in 
the  Fauna  of  India.  The  greater  number  of  these  are  recorded  from  the 

hills  and  the  family  does  not  seem  to  have  been  much  collected  in  the 

plains. 

The  student  requiring  to  identify  species  should  consult  the  Fauna 

of  India  ;  the  sub -families  are  a  little  complex,  but  are  readily  grasped 
if  a  reference  collection  is  available  or  if  a  good  number  of  specimens 

representing  different  sub -families  can  be  compared ;  in  the  Harpac- 
torinse,  the  absence  of  any  definite  keys  to  the  divisions  makes  the 
matter  confusing  but  with  patience  the  genus  can  be  made  out. 

HoloptiUneB. — ^Membrane  large,  extending  beyond  the  abdomen. 
Legs  and  antennae  with  long  hairs.  HoloptUua  is  the  only  one  of  the 
two  Indian  genera  likely  to  be  found  and  none  are  common. 

EmesincB. — Anterior  cox»  long,  legs  raptorial  as  in  the  Mantidse. 
They  are  very  slender  insects,  with  long  legs  and  some  are  apterous. 
One  i^jecies,  allied  to  Myophanes,  has  been  found  in  the  plains ;  the  long 
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legs,  the  long  delicate  wings  and  slender  body  give  it  an  appearance 
like  a  Tipulid  &j. 

Kig.  461— POLYTOXDM 
MAOULATl'lj.      X  8 

Fijr.  485— ONCOCErHALUS  AMNULIPEH.       X  'J, 

\         SaicincB.  —Represented  by  Polytoxus  macul- 
aim,  Dist.,  found  rarely  in  the  plains.    This 

is  a  dry-grass  coloured  insect  of  slender  build 
with  one  long  spine  at  each  side  of  the  thorax. 

TribelocephalincB.—Tnbelocephala  indica,  Wlk.,  a  dark  brown 
species,  is  occasionally  common  at  light.  It  is  a  flattened  insect,  about 
half  an  inch  long. 

StenopodincE. — Sastrapada  bt'irensprungi,  Stal.,  an  elongate  insect  of 
dry-grass  colour,  is  rarely  found  in  the  plains  of  Assam.  Oncooephalus 
is  represented  by  0.  annuUpea,  Stal.,  and  other  species,  having  the  abdo- 

men projecting  beyond  the  sides  of  the  hemelytra.  They  are  of  the 

same  dry-grass  colour  and  are  found  at  light  and  on  plants  in  the  fields. 
Scdyavatinw  comprise  twelve  species  practically  confined  to  the  hills. 

AcanthaspidincB. — The  pretty  little  Reduviiis  cincticrm,  Reut.. 
brown  and  yellow,  represents  this  widespread  genus  in  the  plains. 

Acanthaspia  is  the  large  genus,  with  many  species  of  whose  distribution 
little  is  known.  A.  quinquespmoaa,  Fabr.,  A.  flavipes,  Stal.,  A. 

rftgulosa,  Stal,  are  widely  spread  and  likely  to  be  found ;  A.  ratna,  Di«t., 

and  the  small  A.  coranodes,    Stal.,    are   common  in  some  localities 
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These  insects  are  common  on  trees  and  under  loose  bark  ;  they  are 

nocturnal  in  habit  and  their  bite  is  to  be  feared.  All  are  wamingly 

coloured,  are  protected  by  their  odour, 

and  probably  by  the  stout  spines  on 

the  thorax.  The  only  other  common 

insect  is  Conorhtnus  rvbrofasciatus,  de 

G.,  a  common  species  found  at  light. 

The  nymphs  of  this  species  are  spiny 

and  partially  covered  in  debris  which 

they  gather  ;  they  are  common  in  houses, 

living  in  dark  dusty  corners  and  pro- 

bably preying  upon  the  smaller  forms  of 

household  insect  life.  Its  American  ally 

is  the  so-called  "  Kissing  Bug."  ^'«-  ̂ M-Acanthaspib  eama. 

PircUincB.—The  elongate  pronotum,  constricted  behind  the  middle, 

is  a  useful  character  in  distinguishing  this  group.    Ectomocoris  quadri- 

Fig.  468— BcTUYrHOTFS niHFAR.      X  3. Kig.  469— Pirates HUNDULDS,      X  3. 

Fig.  467— PiKATir« 
BANCTUg. 

guUaius,  Pabr.,  and  E.  cordiger,  Stal.,  are  the 

common  species  of  this  genus ;  they  are 

nocturnal  in  habit,  found  in  hiding  by  day 

and  have  an  intensely  painful  bite.  The  large  Pirates  are  readily  con- 
fused differing  only  in  the  smaller  tibial  furrow ;  P.  sanctus,  Fabr.,  is 

a  common  form,  as  alsii  is  P.  lepturoidea,  Wolff. 

Echtrichoiiinas.-^The  scutellum  terminates  in  two  broad  apical 

points.  Ecirychotes  dispar,  Reut.,  and  E.  tMreviattu,  Rent.,  are  moder- 
ate sized  insects  coloured  in  deep  blue  with  some  red  markings,  found 

under  leaves,  bark,  etc.    Physorhynchus  and  allied  genera  are  remarkable 
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Fig.  470— Phvsorhynchus 
Makoinatub,  Female. 

in  havinp  the  wings  absent  in  the  females  or  in  both  sexes;  the  female  P. 

marginatus,  Reut.,  attains  a  length  of  one  and  a  half  inches.  None 
are  common  except  in  the  hills. 

Apiomerina.  -  Four  species  not  known 
in  India. 

Harfodorina. — Distinguished  by  the 
quadrangular  areola  at  the  base  of  the 
membrane.  Harpactor  costalis,  Stal.,  is 
the  commonest  Reduviid  seen  in  the 

fields  by  day,  a  red  and  black  active 

insect  that  runs  about  among  low  vege- 
tation. It  is  predaceous  upon  the  Bed 

Cotton  Bug,  Dysdercus  cingulatus,  which 
it  resembles  in  colouring.  H.  fuscipes, 
Fabr.,  is  also  found  but  has  not  the 

yellowish  stripes  on  the  sides  of  the  ab- 
domen beneath.  H.  marginatus,  Fabr., 

with  the  posterior  half  of  the  pronotum 

roughened,   is  common  in    the  Central 

Provinces.     Sycanus   versicolor,  Dohrn,   is  not  uncommon,  a  striking 
red  and  black  form  with  the 

sides  of  the  abdomen  dilated. 

Cydnocoris  crocatus,  Stal.,  is  a 
more  slender,  yellow  species, 
found  in  rice  fields.    layndm 

obacurus,  Dall.,  though  a  hill 
form   from  Assam    is   worth 

note   as  it  closely  mimics  the 
common    Coreid     Elaamomia 

granulipes,    which  occurs   in 
the  same  localities.    Two  com- 

mon    forms     are      Coranus 

spiniscutis,     Beut.,     and  C. 

ohacurua,  Kby.,  small  incons- 
picuous species  found  widely 

spread.    They    are   typically 
members  of  the  immense  fauns         Fig.  471— Habpaotor  ooerALD.    x  3. 
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of  the  soil  and  probably  prey  on  the  small  insects  that  abound  there. 
Scipinia  horrida,  Stal.,  is  a  small  dull  insect,  the  head  and  prothorax 

Fig.  472— 3fIPINIA 
HORRIDA.      X  3. 

Vig,  473— Prostemma 
FLAVOMAOULA- 

T(TM       X  8. 

spined  above,  found  far  more  widely  than  is  recorded.  So  also  is 

Irantha  comobrina,  Dist.,  recorded  only  from  the  Nilgiris ;  these  obscure 

Reduviids  have  been  scarcely  at  all  collected  save  in  the  hills  and  the 

plains  fauna  is  obviously  very  little  known. 

NabidincB. — The  rostrum  is  four-jointed,  not  three-jointed.  Pros- 
temma carduelis,  Dohrn.,  is  the  common  representative  of  the  robuster 

forms  of  this  sub-family ;  P.  flavomaculatum,  Leth.,  is  also  found  in  grass 
among  fallen  leaves.  N<MfS  capsiformis.  Germ.,  is  the  very  abundant 
green  insect  found  in  grass  ;  it  turns  dull  ochraceous  when  dry,  while 

some  are  that  colour  in  dead  or  dry  grass.  This  abundant  little  insect 
has  been  observed  sucking  out  caterpillars. 

CERATOCOMBIDiE. 

Hemelytron  with  a  cuneus  and  emboUum  ;  antennm  with  the  two  apical 
joints  long  and  slender,  mth  Umg  hairs. 

A  single  specimen  was  found  in  Burma  by  Signor  Fea,  described  as 
Crescentim  priruxipatus,  Dist.,  in  the  Fauna  of  India.    Distant  writes 

of  the  group,  "  a  family  comprising  some  very  small  or  minute  species 

found  in  moss,  dead  leaves  and  similar  surroundings." 

biMiciD*.— Bed  Bugs. 
By  F.  M.  Howlbtt. 

The  body  very  flattened,  the  hemdytra  and  wings  praoticatty  absent. 

The  general  flattened  appearance  and  dull  reddish  brown  colour  o£ 
Gimicidffi  is  familiar  to  most  people.    The  rostrum  is  carried  in  a  groove 
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a  6. 
Fig.  474—0.  OlMRX  BOTUNDATUB  AND  b.  C.  LRC- 

TULAMUS.    {A/In- Patton.) 

beneath  the  head  (fig.  473),  and  the  prothorax  is  well  developed  and 
sharply  separated  from  the  mesothorax,  its  hind  margin  being  straight 

in  C.  lectulanus,  Linn.,  and 
rounded  in  C.  rotundatm, 

Sign.    (Fig.  474.) 

The  notorious  "bugs," 
insects  far  too  abundant  in 

houses  in  India,  are  the  sole 

common  representatives  of 

this  family.  Their  origin  is 
obscure,  and  they  were 
well-known  to  the  Greeks 

and  Romans ;  it  is  possible 

that  the  insect  was  originally  a  parasite  of  birds  and  mammals,  and  in- 
cluded man  in  its  hosts;  it  is  now  not  confined  to  man,  but  has  other 

hosts.  Its  distribution  is  wide,  as  it  is  readily  carried  in  steamers  and 

can  survive  long  periods,  it  may  be  even  a  year,  without  food.  The  eggs 
are  laid  in  cracks  in  the  floor,  in  the  furniture,  or  in  any  convenient  posi- 

tion to  which  the  female  can  obtain  access.  They  are  beautifully  shaped 
and  sculptured,  and  the  young  escape  by  a  round  door  at  one  end  about 

five  to  ten  days  after  they  are  laid.  The  young  (fig.  476)  are  similar  to 

the  adult,  but  smaller,  more  transparent,  and  less  darkly  coloured.  There 
are  probably  five  moults,  and  if 
the  insect  is  under  favourable 

conditions  where  it  can  get  blood 

easily,  the  whole  life-history  will 
probably  occupy  not  more  than 
two  months.  A  meal  of  blood 

seems  to  be  required  before  each 

moult  and  before  egg-laying,  and 
if  it  cannot  be  obtained  the  inter- 

val between  the  moults  may  be 

very  greatly  prolonged.  When 
the  insect  wishes  to  suck  blood, 

it  injects  liquid  which  is  irritant 
and  causes  a  flow  of  blood  to  the 

spot  on  which  it  gorges  itself.    Now  that  so  much  is  becoming  known 

Fiff.  476— OlMBX  HIAD  raOH  BBLOW, 
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as  to  the  part  played  in  disseminating  disease  by  biting  insects,  it  is 

not  unreasonable  to  suppose  that  this   ubiquitous   tormentor  may  be 

found  to  have  a  greater  importance  as  a 
disease-carrier  than  it  now  has  as  a  com- 

mon household  nuisance,  and  it  has 

already  appeared  that  the  bite  consti- 

tutes at  least  one  way  in  which  ' '  kala- 
azar' '  is  transmitted  from  "Man  to  man 
(Patton).  It  is  nocturnal  in  habits 
as  a  rule  but  is  active  at  all  times,  and 

the  bite  is  irritant  to  most  persons,  though 

repeated  inflictions  appear  to  confer  a 

certain  degree  of  immunity.  Travellers 

are  aware  of  the  ingenuity  of  the  insect 

in  reaching  its  prey  and  it  has  been  obser- 
ved that  when  all  other  means  of  access 

failed,  it  went  to  the  ceiling  and  fell  on  its 

victim  from  that  position.  In  America 

cockroaches  and  small  red  ants  are  men- 

tioned by  Marlatt  (U.  S.  Ent.,  Circular 

No.  47),  as  being  fond  of  eating  bugs, 
_.     ...  „  the   ants  in  particular    being   effective 
Fig.  476-ClUEX  LKClULiKIUS,  *^  ° 

EGO  AND  MYMtH.      X  16.  chccks. 

In  some  countries,  fumigation  with  Hydrocyanic  acid  is  utilised  to 

free  railway  carriages  and  buildings  from  this  pest.  The  use  of  super- 
heated steam  for  this  purpose  might  be  given  a  trial  in  this  country 

as  being  cheaper  and  less  troublesome.  Cleanliness,  washing  the  floor 

and  wooden  bedsteads  with  Crude  oil  emulsion,  the  use  of  pure 

pyrethrum  powder,  and  fumigation  with  sulphicr  or  Hydrocyanic 

acid  are  the  only  means  generally  available  against  it.  The  leaves 

of  Pterospermtmi  acerifotium  are  used  in  India  as  a  preventive  of 

night  attacks. 

Two  species  attack  man  in  India,  Cimex  ledulariua,  L.,  and  Cimex 

ttiundatus,  Sign.    (C.    microoephaluB,    Dist.)    (Patton,   Indian   Slua.'  •^ 
Records). 
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Anthocorid^. 

Hemelytra  tvith  an  emimUum  and  a  cuneus.  Ocelli  present ;  third 
and  fourth  joints  of  antennae  not  twice  as  long  as  the  first  and 
second  together. 

This  family  includes  a  small  number  of  minute  insects  unlikely  to 
be  found  by  any  but  a  collector  of  small  Hemiptera  only.  Most  are 

dark-coloured  somewhat  flattened  insects  resembling  Oapsidse,  with 
moderately  long  legs  and  antennas.  They  are  found  in  flowers  where 
they  appear  to  feed  on  pollen  and  Thrips.  Distant  enumerates  ten 

species  in  the  Fauna  of  India,  none  of  which  can  be  regarded  as  com- 
mon insects  so  far  as  our  present  knowledge  goes. 

Triphlepn  tantilus,  Motsch.,  is  probably  widely  spread  in  the  plains, 

a  small  black  insect  of  less  than  one-tenth  of  an  inch  long,  with  some 
resemblance  to  Oxyca/roBnus,  It  is  found  on  sunflower  and  other  green 
plants  during  the  rains. 

POLYOTENID^, 

One  remarkable  insect,  recorded  and  described  by  Waterhouse  from 
Secunderabad  is  the  sole  Indian  representative  of  the  family.  This  is 
Polyctenes  lyrcB,  Waterh.,  a  small  insect  found  upon  a  bat  on  which 

presumably  it  is  parasitic.  The  student  will  find  an  excellent  figure  in 

Distant' s  Fauna  of  India  volume.  It  will  readily  be  mistaken  for  a 
Nycteribiid,  and  w  so  regarded  by  some  authors ;  it  is  elongate  and 
flattened,  with  the  head  in  two  portions,  the  hemelytra  much  reduced, 

and  the  upper  surface  of  the  body  with  minute  hairs.  The  three- 
jointed  proboscis  will  distinguish  it  from  other  similar  bat  parasites. 
This  and  other  bizarre  forms  of  insect  life  will  reward  the  collector 

who  will  systematically  investigate  the  probably  extensive  fauna  to 
be  found  on  living  bats. 

Capsid^, 

Hemdytron  with  a  cuneiu. 

The  above  is  the  distinctive  character  of  the  family,  combined  with 

the  absence  of  the  emboUum  and  of  characters  marking  allied  families. 
The  species  composing  it  are  small  delicate  insects  of  dull  colouring ; 
the  integument  is  less  firmly  ohitinized  than  in  other  Rhynohota,  the  head 

is  distinct,  with  four-jointed  antennae  in  which  the  basal  joint  is  often 
m.  45 
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di'ated ;  ocelli  are  present  in  some  species  and  eyes  are  well  developed ; 
the  rostrum  is  four-jointed  and  more  or  less  closely  applied  to  the  under 
surface  of  the  body.  The  legs  are  moderately 

long  and  slender,  the  prothorax  usually  un- 
armed, and  the  known  species  are  winged 

and  fly  readily.  They  bear  a  marked 

superficial  resemblance  to  small  beetles 
both  in  facies,  colouring  and  attitudes,  some 

leaping  as  the  Halticides  do.  I 

Fiff.  477. -CA'Of'ORIS    LINROLA- 
TUR.    {A/f«r  Dlftant.) 

Little  is  known  of  their  life-history ;  the 
female  is  provided  with  an  ovipositor  used 
for  laying  eggs  in  the  tissues  of  plants.  The 

life-history  of  one  species,  HehpeUis  theivora, 
Waterh.,  is  known  in  detail,  and  the  student 

should  consult  the  increasing  literature  of 

this  insect  in  Ceylon  and  India.  (Green, 
Dudgeon,  Atkinson,  Mann,  Antram.)  Oallobellicus  crassicornis,  Dist., 
has  been  observed  to  lay  its  eggs  in  the  soft  tissues  of  young  shoots  of 
tobacco.  The  eggs  of  Disphinctus  formoms.  Kirk.,  have  been  described 
by  E.  E.  Green  (Entomologist,  1901,  p.  114).  Each  egg  is  laid  singly 
ir  the  shoots,  and  bears  a  short  and  a  long  divergent  process  which  are 
exposed  and  not  embedded.  It  is  probable  that  all  lay  their  eggs  in 
the  tissues  of  plants  and  that  the  number  of  moults  will  be  the  normal 

number,  five  ;  the  full  life-history  of  one  at  least  in  the  plains  deserves 
to  be  worked  out.  Equally  little  is  known  as  to  hibernation,  and  the 
insects  are  not  common  enough  to  render  such  observations  easy. 

Capsidce  are  found  on  grass  and  low  vegetation  in  greatest  number 
and  are,  so  far  as  known  in  India,  wholly  vegetarian  (one  species  has 
been  observed  in  the  hills  feeding  on  the  excrement  of  birds).  This  is  not 

the  case  ebewhere  and  it  is  probable  that  in  India  also  predaceous  species 

will  be  found.  Besides  the  destructive  mosquito  blight  of  tea  (Heh- 
peltii  theivora,  Waterh.),  several  are  destructive.  Caloooris  includes 

species  which  suck  the  soft  grain  of  the  big  millet  {Andropogon  sorghum) 
in  South  India  and  elsewhere.  Diephincttu  includes  the  very  destructive 

species,  D.  poUtua,  Wlk.,  that  attacks  the  betel  vine  (Piper  betel)  and  one 
{D.  humeraiis,  Wlk.),  that  attacks  cinchona.  Others  are  very  likely  to 
be  found  as  pests. 
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The  fauna  includes  115  species  and  others  have  been  added  since 
(Entomologist,  1909,  p.  58). 

The  family  is  divided  into  three  sub-families : — 

MirincB. — ^Head  longitudinally  grooved  or  anteriorly  excavated. 

CapsincB. — Head  not  grooved.    Ocelli  absent. 

Isometojdnw. — Head  not  grooved.    Ocelli  present. 

MirincB. — A  small  dull  greenish  form  found  abundantly  in  grass, 
occurs  in  the  plains,  MegdhoercBa  dohertyi,  Dist.  A  commoner  insect  is 

Megaooelum  stramineum,  Wlk.,  a  dry-grass-coloured  insect  found  abun- 
dantly on  crops  and  low  vegetation.  This  or  other  species  of  the  genus 

will  probablv  be  found  everywhere  in  the  plains  in  the  rains,  and  it  is 
probable  that  they  are  to  some  extent  destructive.  HelopeUia  is  strictly 
a  hill  genus,  but  R.  M.  Dixon  states  that  H.  antonii.  Sign.,  feeds  on 
CucurbitcicecB  in  Bombay. 

CapaincB, — IHsphinctua  is  placed  in  this  sub-family  and  includes  five 
hill  species,  all  recorded  as  to  some  extent  injuring  plants.    Disphinctus 

Fig.    478.— DWPHINCTITB  HCMKR 
ALIS.     ( Afttr   DUlant  ) 

Fi(t.  479.— Haf.ticds  mtnutcth. 

(Afitr  lUitant.) 

politua,  Wlk.,  is  responsible  for  serious  damage  to  betel  vine  in  Kanara 
and  Bassein  (Thana),  puncturing  the  leaves  which  decay  and  are  then 
worthless.  Calocoris  angustatiis,  Leth.,  was  described  from  specimens 
found  attaokmg  cholum  {Andropogon  sorghum)  in  South  India ;  this  or 
allied  species  are  responsible  for  wide  destruction  in  some  seasons. 

PoBcHoscytus  hngicornis,  Reut.,  is  a  tiny  black  species  found  on  vegeta- 
tion and  probably  widespread  if  looked  for.    OaMcbetUoua  oraatioomia. 
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Diflt.,  is  a  small  narrow  dry-grass  species  (green  when  alive),  which 
sometimes  occurs  in  great  numbers  on  weeds  or  cultivated  plants. 
R.  M.  Dixon  found  it  a  garden  pest  in  Bombay,  and  in  Pusa  it  has 

been  found  infesting  tobacco  and  breeding  on  it.  HaUictis  minutus, 

Rent.,  is  apparently  so-called  from  the  resemblance  to  a  Halticid  beetle  ; 

it  is  a  small  dark  shining-black  bug,  which  has  been  observed  by  E.  E. 

Fig.  480— OALI.0BKLUCD8  OKASBlflORNIB  ;  AMTKMNA 
BRLOW.     (I.  M.  5.) 

Green  to  leap  like  a  flea  beetle,  thus  completing  the  resemblance.    It  has 
been  found  in  the  plains  of  India. 

hometopina.  -"  They  are  minute  insects  and  require  special  search 
and  collecting."  This  is  Distant's  remark;  he  lists  7  species  from 
Ceylon  and  Burmah. 
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ORYPTOCBRATA. 

This  division  includes  the  truly  aquatic  forms,  as  distinct  from  the 

land  forms  and  those  living  on  the  surface  of  water.  Apart  from  the  mere 
enumeration  of  species,  practically  nothing  has  been  done  to  investigate 
these  insects,  and  there  is  a  very  large  field  open  to  an  investigator  in 
almost  any  part  of  the  plains.  They  have  probably  no  economic 
importance  whatever,  and  the  study  of  these  insects  even  in  Europe  and 
the  United  States  is  very  little  advanced. 

Pelogonid^. — (GdguUdm). 

Body  short  and  broad  ;  head  very  broad  wUh  prominent  eyes  ;   ocelli 
present.    Posterior  legs  thin,  formed  for  running. 

A  family  containing  but  four  recorded  species  in  India,  one  at  least 

of  which  is  probably  very  widely  spread  over  the  plains.    These  insects 
are  of  small  to  moderate  size,  the  body  broad 
and  flat,  the  head  broad  with  prominent  eyes, 
the  posterior  legs  not  formed  for  swimming,  but 
for  running  or  leaping.     Pelogonus  marginattis, 
Latr.,  has  been  found  on  the  mud  on  the  banks  of 
streams ;  it  is  an  active  little  insect  of  a  dull  colour, 

with  small  ochreous  spots ;  when  approached  it 

leaps  vigorously,  alighting  some  distance  off  and 
lying  flat  on  the  mud.    It  is  most  readily  captured 

by  being  chased  to  the  water  when  it  leaps  in,  and 
FiR.  481.— Pblooonus    is  for  the  moment  helpleps.     Mononyz  includes 

rather    larger    msects    of    a    rather    brownish 

colour  and  roughened  above ;  the  forelegs  are  raptorial,  the  femur 
dilated,  the  tarsus  single  jointed.    Three  species  are  recorded  from 

Burmah,  Sikhim  and  Assam ;  more  remain  to  be  captured  probably. 

Nothing  appears  to  be  on  record  as  to  the  habits  of  these  insects  ; 

Mononyx  indicus,  Atk.,  is  not  uncommon  in  Assam  and  Sikhim,  where 

it  is  found  on  grass  paths,  on  the  soil  and  under  stones,  as  well  as  on 

hard  roads ;   it  is  not   aquatic  and  is  possibly  predaoeous  on  small 
insects. 

Pdogonus  marginatus,  Latr.,  has  been  observed  to  suck  a  helpless 

insect  on  the  surface  of  the  stream  near  the  margin  and  the  stracture  of 

the  legs  of  Mononyx  would  indicate  that  it  has  somewhat  similar  habits. 
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Nbfida. 

Abdomen  with  a  long  (retractile)  process  ;  antennas  three-jointed  ;  fore- 
legs inserted  on  disk  of  anterior  margin  of  prostemum. 

Among  insects  found  in  shallow  fresh  water,  the  ' '  Water  Scorpions' ' 
are  at  once  recognisable.  They  are  flattened  insects  of  dingy  colour,  the 

body  elongate  with  nearly  parallel  sides ; 
the  anterior  legs  are  very  conspicuous, 

being  raptorial  in  something  the  same 
way  as  those  of  a  mantis.  The  antennae 
are  short  and  concealed ;  the  rostrum  is 

short  and  powerful;  the  eyes  are  well 
developed ;  the  hemelytra  cover  the  body 

and  wings,  and  there  are  two  long  apical 
filaments  which  serve  as  a  tube  for  con- 

ducting air  under  the  hemelytra  and  so 
to  the  spiracles.  These  insects  are  found 

in  water,  which  they  rarely  leave  until 
migration  to  a  fresh  locality  becomes 

necessary.  They  are  believed  to  be  wholly 
predaceous  on  other  aquatic  insects.  None 
are  known  to  have  been  reared  in  India, 
and  but  little  is  known  of  their  habits 

anywhere.  Eggs  are  said  to  be  laid  in 
aquatic  plants  and  floating  stems,  and  are 

provided  with  a  number  of  filaments  at 

one  end  (2  in  Ranatra,  7  in  Nepa),  to  facilitate  respiration. 

The  eggs  of  a  species  of  Laccotrephes  have  been  found  in  the  leaf  of 

Ndumbium  spedosum  ;  they  are  about  2  m.m.  long,  cylindrical,  with  one 
end  rounded,  the  other  end  truncate  ;  the  rim  of  the  truncate  end  bears 

long  straight  spines,  set  radially  at  right  angles  to  the  long  axis  of  the 
egg  ;  there  are  14  in  some  eggs,  15  in  others.  The  spines  measure  nearly 

2  m.m.  in  length.  These  eggs  are  placed  through  the  leaf,  so  that  only 

the  spines  and  flat  end  appear  above,  while  the  egg  projects  below  into 
the  water ;  the  spines  hold  the  egg,  Ijing  flat  On  the  upper  surface  of  the 
leaf.  On  hatching,  the  egg  breaks  from  the  disc  and  spines,  and  the 
nyutpli  emerges  through  the  wide   opening  into  the  water  direct.    The 

FiR.  482.— Laccothephk 
MAfUlATDK.      X   2. 



NKPII)^. 711 

young  nymph  has  a  process  at  the  hind  end,  which  projects  beyond  the 
abdomen,  and  the  tip  of   which  constantly  rests  on  the  suiface  of  the 

Fig.  483.— Lacootrepheh  sr.  ego,  x  10.  nymfh. 

water  ;  this  process  consists  of  two  incomplete  tubes,  open  beloW  Along 
their  line  of  junction,  and  leading  to  the  ventral  surface  of  the  abdottien  ; 
air  is  contained  and  held  in  them  and  passes  along  the  body  below,  on 

each  side,  so  that  air  is  in  connection  with  the  spiracles  and  the  attaios- 
phere  above  the  water.  The  nymphs  were  fed  on  fly  maggots  which  they 
held  in  the  forelegs  and  sucked  out.  All  died  at  or  before  the  last  moult ; 

the  length  of  the  syphon  increased  at  each  moult,  and  the  wing  lobes 
appeared  at  the  second  moult,  there  being  five  in  all. 

Distant  records  three  genera  and  eleven  species 
as  Indian,  but  this  number  may  be  expected  to 

be  increased.  Laccotrephes  is  the  Indian  form  of 
Nepa,  the  broader  flatter  insect  in  which  the  coxee 
are  short,  the  tibia  and  tarsus  working  against 

the  grooved  femur.  There  are  three  species:  L. 
robuatus,  Stal. ,  the  largest,  in  which  the  abdomen 
above  is  sanguineous ;  L.  ruber,  Linn.,  smaller,  the 
abdomen  above  reddish  orange ;  and  L,  maculatus, 
Fabr.,  the  smallest,  in  which  the  abdomen  above 

is  dusky.  The  two  last  are  common  throughout 
the  plains. 

Ranatra  and  Cercotmeius  are  both  very  narrow, 

the  00X89  much  developed  and  long ;  Ranatra 
Fig.   484.— Banatka 

FIUFOKHIS. 
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alone  is  common  in  the  plains  with  six  species,  two  of  which  are  wide- 
spread in  India.  R.  eUmgata,  Fabr.,  is  the  larger  (44  m.m.))  a  dull  grey- 

brown  insect  with  long  respiratory  filaments  ;  R.  filiformis,  Fabr.,  is 
browner  and  smaller  (2G  m.m.).  It  is  likely  that  the  smallest  species,  R. 
sordidula,  Dohm.,  will  also  be  found  as  it  is  known  from  Calcutta. 

Naucorid^b. 

Posterior  tibia  spimdoae.    AntenncB  four-jointed.    Forelem  inserted 
on  disk  of  anterior  margin  of  prosternum. 

A  small  family  of  insects  of  which  practically  nothing  is  known  in 

India.    They  are  readily  distinguished  by  the  characters  given,  are  of 

Fig.  485— Chriuochbla  assahenkis,  on 
RiaUT,  HEAD  FBOM  BBLOW. 

{From  Bopt.) 

moderate  to  small  size  and  of  dull  colour.  The  head  is  more  or  less 

deeply  sunk  in  the  thorax,  the  antennae  are  concealed,  the  eyes  well 

developed.  The  forelegs  are  raptorial,  the  poster  or  legs  formed  for 
swimming.  All  are  flattened,  oval  in  outline,  compactly  built  and 

evidently  swimming  insects.  The  hemelytra  cover  the  wings  and  body, 
and  act  as  air-holders. 

Nothing  is  on  record  tfs  to  their  habits  and  life-history.  Distant 

describes  six  genera  and  fourteen  species  divided  among  three  sub-fami- 
lies. Judging  from  the  recorded  distribution  of  these  species  and  the 

paucity  of  specimens  in  collections,  we  may  for  the  present  conclude  that 

none  are  common  in  the  plains  or  likely  to  be  found  there  until  some 
are  aotui^y  found  in  more  than  one  locality.     We  figure  the  delightful 
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the  body,  where  are  two  pubescent  processes  and  the  little  insect  hangs 

obliquely  at  the  surface  when  it  wants  air.  The  young  were  predaceous 

on  small  insects  and  all  of  the  family  are  probably  predaceous  at  all 

stages. 

Three  genera  are  recorded  as  Indian.    Nectocoria  contains  one  N. 

stoht,  Ma3T.,  from  Burma.    Sphcerodema  contains  three,  S.  annidatum, 

Fig    487.— SPHi£BOUSMA 
M0LB8TVM,  MALE,  CARRV- 

INO   EOGS.       X  2. 

Fabr.,  which  ib  broad,  S.  ruaticum,  Fabr., 
narrower  with  short  anterior  claws  and 

i''  molestum,  Duf.,  which  is  narrow  but 
with  longer  tarsal  claws  in  front.  The 

first  of  these  appears  to  be  the  most 
common. 

Behstoma  is  the  only  genus  of  large 
insects,  with  but  two  recorded  Indian 

species.    It  is  found  at  light  and  requires  Wg.  488.-Sph^bodima  molbbtum, ,,,,,..  NVMPH,  FIK8T  AND  SBUONK 
to  be  handled  with  very  great  care  as  inbtabs.    x  s. 

its  puncture  is  poisoned  and  painful.    B. 

indicum,  Lep.  et  Serv.,  is  the  common  species,  the  second  (B.  DeyroUei; 

Vuill.,)  being  known  only  from  the  Brahmaputra. 

Mr.  Herbert  Manners  has  observed  that  B.  indica  feeds  upon  the 

common  Indian  toad  {Bufo  mdanostictua) ;  it  grips  the  young  toads 
that  are  on  the  surface  of  ponds  and  grasping  them  tightly,  works  round 

underneath,  till  the  beak  can  be  inserted  between  the  toad's  hind  legs, 

the  apex  of  the  abdomen  of  the  bug  being  towards  the  toad's  head.  Tha 
toad  appears  to  be  unable  to  struggle  and  becomes  flabby.    He  also 
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little  Cheirochela  assamemis,  Ho.,  known  from  two  localities  in  Assam 

and  Burmali.  Oestroiella,  Diaphorocoris,  Heleocoris,  Ctempocoris  and 
Thurselinus  are  the  remaining  genera. 

BELOSTOMIDiS:. 

Posterior  tibiw  flattened,  with  swimming  hairs.    Antennw  of  four  joints  ; 
forelegs  inserted  in  the  disk  of  anterior  margin  of  froslernum. 

This    family   includes    the    largest   bug   known,    the  flat  brown 
Belostoma  (fig.   480),  which  comes  to  the  search-lights  on  the  Assam 

river  steamers  and  is  probably 
familiar  to  all  who  travel  there. 

It  also  includes  species  of  more 
moderate  size.  All  are  flattened, 

formed  for  swimming,  with  pre- 
daceous  forelegs  and  swimming 

hind  legs  ;  there  are  short  abdom- 
inal appendages  to  conduct 

the  air  to  a  band  of  pubescence 

passing  laterally  round  the  lower 
surface  of  the  abdomen.  The 

head  is  a  little  produced  in  front 
and  bears  a  short  powerful  beak. 
Little  is  known  of  their  trans- 

formations or  habits  ;  for  long  it 
has  been  known  that  in  some 

forms  the  eggs  were  carried  on 
the  back  ;  they  are  fastened  to 
the  hemelytra  as  shown  in 

figures.  In  one  American  species 
the  male  is  stated  to  carry  the 

eggs.  That  this  is  the  case  also 

with  SphoBTodema  molestum,  Duf.,  we  have  proved  by  dissection  of  egg- 

bearing  individuals.  In  the  case  of  this  species  also  the  young  have 

been  observed  to  hatch  from  the  eggs  and  live  in  captivity ;  they  are 

similar  in  shape  to  the  parent  and  the  spiracles  are  on  the  edge  of  a 

band  of  pubescence  which  passes  along  the  ventral  side  of  the  abdomen 

and  holds  air  ;  this  divided  pubescent  band  passes  to  the  hiad  tod  of 

Kig.  486— Bblobioma  indica. 
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observed  that  small  fish  are  eaten.    E.  E.  Green  in  Ceylon  observed 
the  eggs  to  be  laid  under  water  in  an  aquarium  (Entomologist,  1901 , 

Fig.  489.— Eoos   OF  bblohtoma  INUIUA.     X  1. 

p.  113).  The  eggs  of  this  species  are  laid  in  clusters  on  the  stems  of 

plants  growing  at  the  edge  of  water,  so  that  the  emerging  nymphs  can 

fall  into  mud.  They  are  large  pear-shaped  eggs,  the  mass  forming  a 
very  conspicuous  object. 

NOTONEOTID.«i. 

Forelegs  inserted  on  posterior  margin  of  prosternum.    Rostrum 
free,  three  to  fou/r  jointed. 

This  family  is  very  closely  aUied  to  the  next  and  with  it,  at  once 
distinguishable  from  all  others  when  seen  in  the  water.  The  point  of 

difference  is  that  these  swim  "  upside  down, "  i.e.,  on  their  backs 
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while  CorixtdcB  swim  in  the  reverse  manner.    The  body  is  convex  and  not 
flattened  ;  the  eyes  are  large,  the  head  sunk  in  the  thorax,  the  body 

Fig.    4gO--ENITHAIlB8  TEMPLK- 
TONt,      X  5. 

PiR.    491— MiOKONBOTA STRIATA.      X  6. 

formed  for  swimming.  The  beak  is  short 
and  stout ;  the  forelegs  are  formed  for 

grasping,  the  posterior  legs  for  swim- 
ming. Air  is  taken  under  the  elytra  and 

these  insects  come  to  the  surface  periodi- 
cally. Nothing  appears  to  be  known  as  to  the  habits  of  Indian  species  ; 

they  are  probably  predaoeous  and  some  are  sufficiently  common  in 
freshwater  tanks.  The  eggs  are  said  to  be  inserted  into  the  stems  of 
plants. 

Distant  mentions  fourteen  species  in  the  following  genera  :  Nolo- 
necta  (2),  Enithares  (5),  Anisops  (3),  Pka  (4).  The  actual  distribution 
in  India  of  these  insects  appears  to  be  imknown. 

CORIXID^. 

Forelegs  inserted  on  the  posterior  margin  of 
the    prosternum.       Rostrum     concealed, 
apparently  unjointed. 

Like  the  last  but  flattened,  the  scutellum 
small,  the  forelegs  short.   There  are  but  three 
recorded  species  from  India,  of   whose  life- 

history  and  habits  very,  little  is    known. 
Corixa   hieroglyphica,     Duf.,    is    probably 
widespread  and  occurs  also  over  Northern 
Asia,  Europe  and  America.    It  is  abundant 

in  tanks  in  the  plains,  swimming  actively  and  periodically  returning  ,t<r 

tke  surface  far  its  air  supply.   Microneda  (Sigara),   striata,   Freb.,  '  is 

Fig.    492~OOItKA  HIBRO- 
OLTPHIOA.      M  S. 
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also  probably  common,  while  one  other    species    is   lecorded   from 

Ceylon. 
HOMOPTERA. 

The  front  of  the  head  is  bent  so  as  to  be  in  contact  with  the   fore 
coxcB.    The  tegmina  are  of  one  consistence  throughout 

and  lie  over  the  abdomen  at  an  angle. 

While  there  is  little  doubt  that  from  the  field  naturalist's  point  of 
view  there  should  be  at  least  nine  families  in  this  sub-order,  on  structural 

A, 

FIk.  491—1.  2,  Cisadirltp.  Three  ocelli  on  vertex.  !),  4,  Fiilgoridc.  Two  ocelli  beneath 
or  nenr  the  eyed ;  Antenna  beneath  the  eyes,  fi,  6.  Membracidse.  Antennie 
in  front  of  and  between  eyes ;  Ocelli  between  the  eyei.  7,  8,  9.  Cercopidn. 
Ocelli  on  vertex.  Olnater  of  ipinuleg  at  apex  of  tibia.  10,  11,  12.  JaaMd.  Ocelli 
in  line  with  front  of  eyes  ;  Double  row  of  spine*  beneath  posterior  tibite. 

grounds  authorities  are  not  agreed  as  to  the  number  of  families.   We 

would  divide  the  sub-order  into  two,  keeping  the  old  division  Phytophthires 
for  the  last  four  families  which  are  so  sharply  distinct  in  habits. 

(CicadidcB.  Three  ocelli  on  vertex. 

icB.  Ocelli  two,  placed  beneath  or  very  near 
the  eyes,  not  on  the  vertex.  Antennee 
beneath  the  eyes, 

MembracidcB.  Ocelli  two,  between  the  eyes.  Antennee 
in  front  of  eyes.  Prothorax  prolonged 
backwards. 

Cercopidm.  Ocelli  two,  on  vertex.  Hind  tibiae  with 
stout  teeth,  and  with  short  spines  at the  tip, 

JaaaidoB.  Ocelli   two,  on  front  margin  or  frons. 

Hind  tibise  with  a  double  row  of  spines. 

Homopteri J 
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emerges.     These  empty  skins  are  a  common  feature  in   the  hilb. 

(Fig.    495).    The  length  of    the  life-history  is  unknown,    though  one 

Fie.  496.— OOSMOPSALTEU  HATtJRATA.  NVMPH. 

American  species  is  known  to  live  seventeen  years,   the    imago  only 

appearing  for  one  summer,  the  nymphs  living  for  sixteen  years. 
Cicadas  are  dependent  upon 

trees  for  food,  so  far  as  is 

known,  and  occur  most  abun- 

dantly in  forests  and  well- 
wooded  moist  localities.  The 

imagos  certainly  suck  the  sap 

of  trees  and  are  so  coloured 

as  to  be  exceedingly  difficult 

to  see  when  on  tree  bark.  They 

are  known  best  for  the  ex- 

tremely shrill  sustained  sounds 

produced  by  the  males,  a  sound 

which  has  no  rival  except  in 

the  steam  whistle.  After  a 

shower  the  noise  is  deafening 

if  one  is  in  a  forest  with  many 

Cicadas  and  the  kind  of  noise 

produced  varies  immensely 

with  the  different  spedea.    The 

Fig.  496.— Platypleura  MACKINirom. 
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PhytophtMrea 

PsylUdcB. 

idcB 

The  wings  at  an  angle  over  the  body, 
two  pairs.  Three  ocelli,  long  thin 
antennee. 

Siphons    usually    present.    Often   wing- 
less.   Wings  held  erect,  hyaline. 

Aleurodidep.       Wings  four,  mealy,  opaque. 

Coccidcp.  Female  wingless,    male    usually  winged 
with  one  pair  of  wing*  only. 

ClCADIDiE. 

Three  ocelli  in  a  triangle  on  the  vertex.    Tarsi  with  three- 

joints.   Male  imth  a  nmsical  apparatus. 

The  Cicadas  are  the  largest  insects  of  the  Homoptera,  with  an  expanse 

of  one  to  several  inches.  They  are  readily  recognised  by  the  ocelli 

if  not  at  once  from  the  general 

form.  The  head  is  well  develop- 
ed, with  short  antennae  consisting 

of  a  bristle  set  on  a  basal  joint. 

The  wings  are  large,  often  col- 
oured and  lie  at  an  angle  over  the 

abdomen.  The  eyes  are  well 

developed,  as  is  the  beak  which 
lies  under  the  head  ;  the  thorax 

is  well  developed,  the  mesonotum 

large  and  conspicuous.  The  ab- 
domen is  broadly  joined  to  the 

thorax  ;  the  female  has  a  distinct 

ovipositor ;  the  male  has  the  base 
of  the  abdomen  modified  to  form 

sound  producing  organs,  with 

more  or  less  distinct  external  flaps  which  are  valuable  for  the  discrimina- 
tion of  species.  The  legs  offer  no  peculiarities  and  are  formed  for  clinging 

while  the  empodium  is  absent. 

Very  little  is  known  as  to  the  life-history  of  Indian  species.    The 
eggs  of  some  foreign  species  are  known  to  be  laid  in  bark.    The  nymphs 

have  been  found  at  the  roots  of  plants  and  in  termites'   nests,  but  no- 
thing is  known  of  their  habits  in  India.   When  full  grown,  the  nymplft ' 

come  up  from  the  ground,  fix  themselves  on  a  plant,  and  the   adult 

Fie.    494.— CORMOF8Ai:,TRIA     SA  TUB  ATA 
Thorax   and  head  above ;  apox  of 

abdomen  of  female  beloir. 
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sound  appears  to  come  from  all  round  and  is,  unless  one  has  much  practice, 
extremely  difficult  to  locate.  The  sound  is  produced  by  the  vibration 
of  a  tense  membrane  situated  in  the  base  of  the  thorax  ;  there  is  a  muscle 

attached  to  it  which  is  supposed  to  produce  vibrations,  which  are 
believed  to  be  magnified  by  other  membranes  and  by  the  operculum.  A 
conspicuous  feature  of  the  process  is  the  vibration  of  the  abdomen 
which  produces  the  trill,  as  apart  from  the  vibration  of  the  membrane 
producing  the  usual  shrill  high  note.  We  confess  to  being  unable  to 
follow  the  descriptions  of  the  mechanism  as  given  by  authors  and  it  is 
not  quite  clear  how  the  volume  of  sound  is  produced.  The  object  of 

the  sound  is  a  mystery  though,  as  it  occurs  only  in  the  males ;  it 

may  be  sexual  or  simply  a  diveraon  for  the  males  which  have  no 

egg-laying  to  do. 

Cicadas  are  rare  in  the  plains  and  but  few  species  occur  there  ;  they 

are  characteristic  of  moist  subtropical  India ;  it  is  unnecessary,  therefore, 

to  discuss  the  classification  in  detail.  Distant's  volume  III  of  Rhyn- 
chota  in  the  Fauna  of  India  enumerates  148  species  as  Indian,  divided 

into  three  sub-families.  The  only  species  apparently  really  common 

outside  hill  localities  is  Platypleura  octoguttata,  Fabr.,  found  in  the  hills 
and  in  the  plains.    P.  mackinnoni,  Dist.,  is  found  in  Behar. 

SONG  IN  INSECTS. 

A  large  proportion  of  the  sounds  heard  in  the  field  are  produced  by 
insects  and,  while  the  motive  that  induces  sound  production  is  not 
always  known,  it  is  probably  connected  with  sex,  with  simple  forms  of 
signalling  and  alarm  giving,  with  protection  from  enemies,  and  finally 
with  the  simple  expression  of  the  emotions.  The  majority  of  the  sounds 
heard  are  connected  with  sex,  but  it  is  by  no  means  clear  to  what  motive  to 
attribute  the  loud  continuous  song  of  the  Cicada,  the  most  prominent 
of  all  insect  noises. 

Soimd  is  produced  in  insects  almost  always  by  the  friction  of  one 
hard  part  of  the  integument  against  another.  When  one  considers  the 
hardness  and  beautaful'jointing  of  the  segments,  the  complexity  and 
position  of  the  limbs  and  wings,  it  is  easy  to  realise  that  no  very  great 
structural  modifications  are  required  to  enable  one  plate  to  rub  against 
another  in  such  a  way  as  to  produce  rhythmical  vibration.  In  a  few 
spedes,  sound  is  produced  in  other  ways,  by  modifications  of  the  spiracles 
80  that  the  movement  of  the  contained  air  may  cause  vibration,  ̂ by 
mechanism  connected  with  the  wings  and  their  vibration  or  by  special 
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musical  organs  with  specially  adapted  muscles.  We  cannot  in  this  place 
deal  exhaustively  with  such  a  subject  nor  even  discixss  the  extremely 
interesting  Indian  songsters  more  than  extremely  briefly ;  the  curious 
reader  will  find  fuller  details  in  the  papers  mentioned. 

AcridiidcB  do  make  sounds  but,  in  our  experience,  only  rarely.  We 
have  never  heard  the  migratory  locust  make  a  sound,  and  after  prolonged 
observation  we  learnt  that  only  when  in  the  act  of  mating  does  the 
Bombay  locust  emit  a  feeble  chirp,  produced  in  the  usual  manner  by 
rubbing  the  hind  femur  against  the  tegmen.  It  is  rare  that  AcridiidcB 
make  sounds  in  any  other  way.  (See  Autarches.)  Far  more  noisy  in 
India  are  the  Locustidce,  some  species  of  which  keep  up  a  shrill  noise  in 
grass  while  others  make  noises  of  various  kinds  in  trees.  In  the  Locus- 
tidcB,  the  male  has  the  base  of  the  tegmina  flattened,  that  of  the  upper 
(right  one)  with  a  sharp  point  which  works  on  a  file  on  the  lower  (Ipft) ; 
as  the  wings  are  moved,  the  vibration  is  set  up,  its  pitch  and  intensity 
determined  by  the  length  and  tension  of  the  tegmen,  and  so  a  note 
produced.  Conocephalus  indicus  is  probably  the  species  most  commonly 
heard,  its  shrill  note  in  the  grass  always  appearing  to  be  a  little  distance 
off  but  never  in  any  one  definite  direction.  GryUidcB  are  often  trouble- 

some from  the  shrillness  and  persistency  of  their  song ;  the  sound  is 
produced  by  the  vibration  of  the  forewings  on  the  hind  wings  and  one 
can  see  the  wings  and  tegmina  in  a  state  of  vibration  when  the  insect 
is  engaged  in  song.  The  large  Brachytrypes  achatintta  makes  a  sound 
which  is  extremely  powerful  and,  when  close,  almost  unbearable.  It  is 
the  loudest  songster  in  the  plains  where  Cicadas  are  scarce. 

Dragon  flies  are  said  to  produce  sounds  by  a  process  in  the  large 
trachea  being  thrown  into  vibration  by  the  passage  of  the  air,  but  we 
are  not  aware  that  this  has  been  noted  in  Indian  species. 

Among  Hymenoptera,  Mvtilla  squeaks  by  the  friction  of  the  abdo- 
minal segments,  Lobopelta,  Sima  and  other  ants  by  friction  of  the 

peduncle  and  basal  abdominal  segments,  and  bees  (by  the  vibration  of 
the  wing  if  this  can  be  called  a  sound  and)  by  mechanism  connected 
with  the  respiratory  system,  whereby  the  hum  heard  in  a  bee-hive 
is  said  to  be  produced. 

In  beetles,  sound-production  occurs  in  both  sexes,  as  well  as  in 
some  larvae,  and  there  are  excellent  accounts  of  the  mechanism  in 
different  beetles.  Anobium  is  said  to  tap  with  its  head  ;  the  friction 
of  the  jaws  of  some  longicorn  larvae  in  dry  wood  is  quite  audible  in 
some  cases.  Qahan  describes  stridulating  organs  in  almost  every  part 
of  the  body  in  beetles ;  perhaps  the  most  umiliar  instances  are  those 
large  Cerambycid  beetles  (such  as  Batooera  rubra)  in  which  the  hind 
edge  of  the  pronotum  rubs  on  a  file  on  the  mesonotum.  The  reader 
should  consult  Gahan's  article  (Trans.  Bnt.  Soc.  Lond.  1900,  p.  433) 
and  Arrow's  article  on  "Sound  Production  in  the  Lamulicom 
Beetles."  (Trans.  Ent.  Soc.  Lond.  1904,  p.  709.)  It  is  worth  noting 
that  in  Coleoptera,  the  stridulating  organs  commonly  occur  in  both 
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sexes  and  not,  as  in  some  groups,  in  the  males  alone.  Among  moths,  our 
common  death's  head  (Ackerontia  atyx,  Westw. )  produces  a  sound  by the  friction  of  the  palpi  and  the  proboscis.  This  is  stated  to  occur  also 
in  other  species.  A.  Sphingid  larva  common  in  the  hills  also  produces 
a  hissing  sound  on  being  touched  ;  this  is  probably  protective,  just  as 
the  bizarre  spots  on  these  larvae  are. 

Shipley  and  Wilson  have  described  a  sound-producing  organ  which 
is  found  on  the  wing  of  the  mosquito  Anopheles  maeulipennis ,  Meig.  At 
the  base  of  the  wing  is  a  movable  bar  bearing  teeth,  "which  engage 
against  ridges  on  another  slightly  movable  bar  ;  the  vibration  of  the 
wing  produces  movement  of  the  teeth  against  the  ridges,  causing  rapid 
vibration  ;  the  note  is  ordinarily  constant  in  pitch  but  rises  as  the  wing 
is  shortened.    (Trans.  Roy.  Soc.    Edin.  XL,  pt.  11,  No.  13,  1902.) 

Lowne  states  that  the  common  blowfly,  as  some  other  Diptera, 
emits  sound  through  the  large  thoracic  spiracles.  Amongst  Hemiptera, 
besides  the  stridulation  of  Tessaratoma  papillosa,  Thunb.,  we  find 
that  certain  Reduviids  can  emit  sounds ;  Corixa  emits  musical  chirps, 
produced  by  the  friction  of  the  forelegs  on  the  beak. 

Finally  the  Cicadas  are  notorious  for  their  voices,  the  males  singing 
constantly.  Their  song  is  produced  by  a  tense  membrane  to  which  is 
attached  a  muscle,  which  throws  the  membrane  into  vibration  ;  the  vi- 

brations are  intensified  by  other  resonant  membranes  and  by  the  leaf- 
like lobes  on  the  ventral  surface.  It  is  said  that  the  peculiar  diminu- 
tion and  intensification  of  the  sound  heard  in  some  South  Indian  species 

(and  which  is  exactly  like  that  of  the  watchman's  wooden  rattle  used  at 
the  boatraces  at  Cambridge)  is  produced  by  the  opening  and  closing 
of  the  aperture  at  the  base  of  the  abdomen. 

Finally  we  may  remark  that  it  is  probable  that  many  insects  produce 
sounds  unheard  by  us,  since  our  ear  will  not  record  vibrations  of  more 
than  a  definite  rapidity.  Observations  on  a  number  of  insects  have 
shown  that  in  some  cases  there  are  auditory  organs  m  species  whose  song 
has  not  been  heard,  and  that  in  others  the  movement  necessary  to 
produce  song  can  be  perceived  but  no  sound  is  heard.  This  is  the  case 
with  one  of  our  common  crickets  ;  we  have  frequently  seen  its  wings  in 
vibration  in  a  similar  manner  to  that  of  Brachytrypea  achatinus,  but  we 
can  only  hear  the  sound  produced  by  the  latter.  It  is  possible  that 
investigation  of  the  anatomy  of  insects  will  reveal  auditory  and  sound- 
producmg  apparatus  in  a  greater  number  than  are  at  present  known. 

FULOORlDa. 

Ocdli  usually  two,  placed  in  cavities  beneath  the  eyes  ;  antenna 
of  two  joints  and  a  bristle,  placied  beneath  the  eyes. 

This  is  the  largest,  if  not  the  most  important,  family  of  Homoptera 
occurring  in  the  plains  and  it  includes  a  considerable  variety  of  forififl.' 
A  number  are  lai^e  brightly  coloured  moth-like  forms  which  fly  by  day 
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and  are  warningly  or  cryptically  coloured ;  a  large  number  more  are  small 
dull  coloured  insects  found  in  grass  and  forming  an  important  part  of 
the  fauna  of  pasture ;  while  a  small  number  of  insufficiently  known  forms 
live  on  the  roots  of  grasses  or  other  plants,  in  the  soil.  The  structure  is 
immensely  varied  and  in  few  other  groups  is  such  a  variety  of  forms 
equalled.  The  head  is  distinct,  often  prolonged  upwards  and  forwards 
into  grotesque  shapes,  produced  below  and  ending  in  the  lostrum  with 
sucking  mouthparts.  Eyes  are  often  large,  the  small  ocelli  set  in  cavities 
near  them.  Antennae  consist  usually  of  two  joints  and  a  bristle,  but  these 
joints  are  often  long  and  flattened,  and  are  furnished  with  peculiar  sen- 

sory organs.  The  body  is  well  developed  and  short,  with  tegmina  and, 
as  a  rule,  wings  ;  the  tegmina  are  thickened  and  coloured  or  hyaline, 
and  in  repose  are  carried  over  the  abdomen,  meeting  in  the  middle  and 
sloped  at  varying  angles.  Wings  are  sometimes  minute,  often  ample 

but  rarely  coloured  or  ornamented.  The  legs  share  in  the  general  bizarre- 
ness  of  form,  the  forelegs  sometimes  f  oUaceously  expanded,  the  hind  legs 

with  a  tuft  of  spurs  and  a  varied  number  of  spines.  The  females  are  simi- 
lar to  the  males  except  in  the  external  genital  organs. 

Very  little  is  known  of  the  life-history.    Eggs  are  commonly  laid 
in  the  tissues  of  plants  (in  a  cut  made  by  the  female  ovipositor)  or  on 

them   and   are   often   covered  in  a   white 

mealy   secretion   produced  by  the  female,  a 

mass  of  which  is  usually  found  on  her  abdo- 
men.   The   number  of  moults  is  unknown 

except  in  Pyrilla  (Zamila)   aberrans  where 

it  is  five.    The  nymphs  are  often  clothed  in 

wax  similar  to  that  of  the  females  and  some 

are   very  active   leaping    insects.     Known 

species  occur  most  abundantly  when  food  is 

plentiful  in  the  rains  and  they  are  known 
to   hibernate  in  shelter   in  any  stage,  the 

cold    simply  checking    development.    Two 

species  are  known  to  be  pests  to  crops,  and 

FiR.  497-PvRii.iA  ABKBRANs.  the  importance  of  the   family  
as  a  whole 

Lam  Ntmmal  Instih.    x  4.  ̂ ^^^^^^^  ̂ g  yet  be  settled.    A  study  of  the 

parasites  of  this  family  would  yield  results  of  interest  
and  we  are  almost 

wholly  ignorant  as  to  the  checks  on  their  increase  
beyond  those  caused 
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by  egg  parasites  and  lack  of  food.  The  work  of  Perkins  in  Hawaii  has 

shown  that  one  species  at  least  is  attacked  by  a  variety  of  parasites  and 

one  of  the  Indian  species  is  also  the  host  of  several  parasites.  (See 

Drffimdce,  p&ge  170.)  These  parasites  presumably  check  the  increase 

of  these  insects  and  some  Fossorial  wasps  store  their  nests  with 

Fulgorids,  which  is  another  check  upon  their  increase. 

The  classification  of  Fulgoridce  cannot  yet  be  said  to  ̂ ave  arrived 

near  to  deiiniteness  from  the  extremely  little  really  known  of  this 

large  family.  Distant,  following 

Stal,  makes  twelve  sub-families, 

the  key  to  which  is  in  the  volume 
of  the  Fauna.  We  are  not  in  a 

position  to  enter  into  this  here, 

so  small  a  portion  of  our  plains 

species  having  been  worked  out 

and  the  student  of  this  family 

should     consult      the     original  /         ̂  

volume  which  we  follow.  We  may  Fig.  498-Pyrop»  chbnnblli.  x  ij. 
remark  that  we  hope  that  a  revi- 

sion of  the  family,  and  its  division  into  more  natural  groups  will  follow 
from  increased  knowledge  of  tropical  forms,  little  known  as  yet.  It  is 
unfortunate  that  only  the  smaller  and  less  known  species  occur  in  the 
plains  and  that  these  have  been  so  little  studied.  The  giants  of  the  family 
are  wholly  hill  insects  and  must  be  omitted  here.  Records  are  extremely 
scanty  in  this  family  so  far  as  plains  species  are  concerned  and  of  the.SJW 
species  mentioned  by  Distant,  barely  a  dozen  are  mentioned  by  him  as 
common  in  the  plains  or  as  occurring  in  localities  at  low  elevations.  This 
is  due,  not  to  the  small  number  of  plains  species,  so  much  as  to  the  fact 
that  collectors  have  gone  to  the  hills  and  no  collections  have  been  made 
in  the  plains.  We  are  dependent  upon  the  Pusa  collections  in  this  case 
and  the  species  mentioned  are  those  we  have  found. 

F-ulgorincB.—Am]  area  of  wings  reticulate,  ridge  separating  frons 
and  gena  continued  6n  to  clypeus.  This  sub-family  includes  the  large, 
beautifully  coloured  hill  forms  in  which  the  prolongation  of  the  head 
takes  such  curious  forms.  (Fig.  498.)  Unfortunately  only  one  (Pyrops 
chenneUi)  appears  to  be  a  common  plains  form  and  the  recorded  species, 
are  wholly  forest  and  jungle  hill  species, 
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Tropiduchinw. — Margin  of  clypeuB  not  carinate  ;  basal  joint  of  pos- 
terior tarsus  long.  A  small  number  of  species,  largely  from  Ceylon,  are 

recorded  ;  none  are  yet  known  to  occur  in  the  plains  of  India. 

Achilinw. — Clypeal  margin  carinate.  Eleven  species,  chiefly  of 
Ceylon  forms  are  included  herein. 

Derbdnce. — Vertex  and  face  of  head  narrow ;  apical  j  oint  of  rostrum 
short.  One  of  the  commonest  small  Fulgorids  is  included  herein,  Phemce 
moeda,  Westw.,  found  commonly  on  cane, 

grasses  and  cereals  in  the  plains.  The  imago 
sits  on  the  lower  surface  of  the  leaves,  suck- 

ing the  juice,  the  long  narrow  tegmina 
standing  straight  out  at  right  angles  to  the 
body.  Drona  is  not  uncommonly  represented 
by  a  reddish  form,  apparently  not  recorded 
as  Indian,  in  which  the  tegmina  are  long 

and  hyaline,  the  wings  very  small.  Nisia 

atrovenosa,  Leth.,  is  probably  also  com- 
mon as  we  have  it  from  the  plains,  a  small 

ochreous  insect  in  which  the  wings  are  of 
more  normal  size. 

Lophopincp. — Basal  joint    of   posterior 
tarsi  robust,  short.    Elasmoscelis  platypoda, 

Kby.,  will  be  found,   a  small  dark  insect,  with  deepbrown  tegmina  and 
the  anterior  tibiae  flattened  and  dilated.  Bnxioides  carinatus,  Kby.,  is 

Fig   499— Phbnick  mohbta. 
(I.  M.  N.) 

T\g.  5U0— PVBILLA  ABRKKANB.      X  6.      (I.    M.   N 

also  found  in  the  plains,  a  small  ochraceous  insect  in  which  the  face  js  - 
dilated  in  front  in  two  ridges  which  are  noticeably  striped. 
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Eurybrachydinm.—Antenoi  legs  compressed,  dilated;  face  broad, 
angled  at  each  side.  The  broad  flat  face  ending  in  an  angled  prominence 
at  each  side  marks  these  insects.  Eurybrachi/s  is  common,  E.  totmntom, 
¥.,  especially,  which  has  broad  olive-green  tegmina  mottled  with  yellow, 
a  green  head  or  pronotum  and  mesonotum,  and  purple-red  metanotum, 
sternum  and  legs ;  the  female  has  a  mass  of  white  mealy  wax  on  the  ab- 

domen and  is  found  on  bhinda  (Hibiscus  esculenttis)  and  other  Malvaoeous 
plants.  Large  numbers  of  eggs  are  deposited  in  this  wax  on  the  plant, 
hatching  to  small  active  bugs  which  suck  the  plant.  The  insect  is  & 
very  striking  one;  E.  apiccdis,  Wlk.,  in  which  the  wings  are  fuscous  (ill 
E.  tomeniosa,  they  are  white),  is  also  found  and  apparently  has  similat 
habits. 

Dictyopharince. — No  apical  ocellus.  Sides  of  clypeus  carinate  ot 
acute.  Chiefly  characterised  by  the  absence  of  characters  used  for  other 

sub-families.  Dichoptera  includes  one  common  plains  form,  D.  hyali- 
nata,  F.,  which  suggests  a  Cicada.  It  is  ont*  of  the  largest  forms  in  the 
plains  with  an  expanse  of  two  inches  and  the  tegmina  hyaline  with  a  sin- 

gle transverse  fascia.  It  is  found  feeding  upon  the  wild  fig  trees,  the  pipal, 
banyan,  gular,  etc.  Dictyophara  is  a  large  and  widespread  genus,  with  at 

least  three  common  species  likely  to  be  found.  The  head  is  usually  pro- 
duced forwards  and  upwards,  the  tegmina  are  long  and  narrow,  the  hind 

tibia  with  four  to  six  spines  ;  our  species  are  small  and  delicate,  with  a 

body  length  of  about  i  to  ̂   inch.  D.  sauropsis,Wlk.,  has  a  short  head, 

and  is  green  in  colour ;  D.  walkeri,  Atk.,  is  smaller,  pale  ochraceous  in  dry 
specimens  but  green  in  fresh  ones ;  D.  lineata,  Don.,  has  two  longitudinal 

fuscous  fasciae  in  the  tegmina.  All  are  common  in  grass  and  can  be  found 

readily.  The  last  is  perhaps  the  most  common  but  this  probably  varies 

with  the  locality.  Udugama  spkndens,  Germ.,  is  a  little  larger,  ochreous 

(green)  in  colour,  the  tegmina  with  a  fuscous  stigma  and  apex  ;  the  head 

is  only  slightly  produced. 

Cixiince. — Three  ocelli,  one  on  the  apex  of  the  frons ;  claval  vein  not 

reaching  the  apex  of  the  tegmen.  Oitorws  is  represented  by  several 

species,  small  dark  insects  with  rather  long  hyaline  wings,  the  mesonotum 

with  five  distinct  ridges.  So  far  as  known,  these  small  insects  live  in 

grass  and  at  the  roots  of  plants.  Buxia,  in  which  the  face  is  long, 

narrow,  with  strongly  carinate  lateral  margins,  has  one  species  recorded 
from  Bombay,  which  is  likely  to  be  found  elsewhere. 
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Pyrilla  (Zamila)  aberrans,  Wlk.  {hfcoiden,  Wlk.),  has  been  coiifuBcd 

with  Dictyophara  pallida,  Don.,  in  Indian  Museum  Notes  and  other 

publications.  It  is  an  important  pest  to  cane,  the  bug  sucking  the  juice 

of  the  leaves  and  seriously  affecting  the  sugar-content  of  the  plant. 

The  full  life-history  is  described  elsewhere  and  we  figure  two  stages. 
This  insect  is  found  practically  throughout  India 

Issince. — These  are  small  forms  with  thickened  tegmma  ;  our  com- 
mon form  (CaHsceUs  eximia,  Stal.)  is  wingless  with  abbreviated  tegmina, 

the  long  forelegs  flattened  and  much  dilated.  The  female  is  dull  ochre- 

ous.  the  male  ochreous  and  piceous.  It  is  a  common  enough  insect  in 

grass,  but  its  small  size  makes  it  inconspicuous.  Hilda  bengalensis,  Dist. 

(A  N.  H.,  li)0»t,  p.  40),  is  a  small  brightly-coloured  species  found  upon 
the  pods  and  shoots  of  Amaltas  {Casnia  fistula)  and  pipal  (Ficus  religio- 
sus)  in  Behar.  Its  oval  eggs  are  laid  in  clusters  on  the  bark.  The  young 

are  gregarious,  often  found  with  the  adults,  and  remain  (juiescent  upon 

the  f{)od-plant.  Ants  visit  them  frequently  and  in  some  instances  the 
red  ant  has  been  found  to  enclose  and  care  for  them. 

Ricaniinm. — Our  species  have  large  ample  tegmina  and  wings,  the 
former  more  or  less  darkened.  Ricania  includes  one  common  species, 

R.  zebra,  Dist.,  in  which  the  deey)  brown  tegmina  have  transverse  lighter 

stripes  and  lines.  This  is  a  common  insect  in  grass  and  in  rice,  where  it 

sucks  the  juice  of  the  green  plants.  Rivanin  npicalis,  Wlk.,  and  R. 

Himulans,  Wlk.,  also  occur  more  rarely. 

FlatincB.—Cl&vuB  granulate.  The  co-.ta  often  much  dilated,  with 

many  cross  veins.    This  sub-family  includes  the  beautiful  moth-like 

FiK.  501-RIC4SIA  ZEBK*.      X  X  Fig.  fiOS- M  muBAHlA  LUTlWCltm      X  2. 

species,  with  ample  tegmina  Ijnng  at  an  angle  over  the  body  which  are 

80  striking  when  first  seen.  Lawana  comperea,  Wlk.,  is  a  large  creamy 

white  species   found   breeding  in    the   plains.    Phromnia  margi'neUa, 
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Oliv.,  is  not  a  plains  insect  but  is  sufficiently  striking  to  have  been 

observed,  and  it  is  recorded  that  in  Garhwal  the  white  secretion  is 

eaten  and  is,  in  Narsingpur,  believed  to  have  narcotic  properties. 

P.  viridula,  Atk.,  is  recorded  from  Poona.  Flata  j&rrugata,  Fabr., 

is  a  small  "dead  leaf  coloured"  insect  not  uncommon  in  Western 

India.  The  very  common  plains  species  with  greenish-white  tegmina 

belong  to  the  genus  Melicharia  and  apparently  principally  to  M. 

itt«e«cews,  Wlk.  Nothing  appears  to  be  known  as  to  thei?  Ufe-history 

though  they  are  common  in  cultivated  areas.  Ketumala  Usecta,  Kby., 
is  found  on  grass. 

DelphacincB.—A  long  robust  mobile  spur  on  the  apex  of  the  hind 

tibia.    These  small  insects  are  so  insufficiently  known  that  our  common 

Via.    803— LIBUKNIA  rsYLLOIDM.     A.    IHAOO 
B.  0.  D.  Nymphs.    B.  Eoos.   F.  Anmnn*. 
O.  H.  K.  Leas.    (I.  M.  N.) 

species  appear  to  be  largely  unrecorded.  They  are  small  delicate  insects 

with  narrow  wings  as  a  rule,  found  abundantly  in  grass  and  on  green 

plants.  At  least  one  species  of  Pundduoya  is  common,  while  Purohita 

cervina  has  been  found  breeding  on  green  shoots  of  bamboos  in  the 

plains.  The  eggs  are  laid  in  clusters  of  white  mealy  wax  on  the 

shoots  and,  in  Behar,  the  insect  hibernates  in  this  stage.  Liburnia 

{Ddphax)  paylMdes,  Leth.,  was  described  from  Ceylon  where  it  injures 

maize  as  it  does  also  in  India.  It  breeds  sufficiently  rapidly  in  young 

plants  to  become  a  pest,  though  not  so  serious  on  one  as  D.  aacchari, 

West.,  of  tlie  West  Indies  which  destroys  sugarcane.  There  are  probably- 

a  large  number  of  this  sub-family  awaiting  discovery  in  the  plains  and 
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it  is  likely  that  these  little  insects  may  be  found  to  play  an  important 

part  as  pests  of  grasses  and  small  cereals. 

Collecting. — Almost  no  family  will  so  well  repay  study  from  every 
point  of  view ;  much  collecting  and  systematic  work  must  be  done 

before  we  can  know  our  common  species  and  the  lite-histories  of  all  are 

worth  careful  study.  Images  require  careful  pinning  and  preservation, 

but  nn  special  methods  of  collecting  are  necessary  except  careful 

observation.  Life-histories  must  be  observed  on  the  growing  plant,  but 
this  has  been  successfully  done  in  some  cases. 

MEMBRAClDiG. 

Tarsi  three- jointed  ;  prothorax  produced  backwards  into  a  process.    Ocelli 
placed  between  the  eyes,  atUenncB  in  front  of  and  between  the  eyes. 

These  small  insects  are  as  a  rule  recognisable  at  once  by  the  bizarre 

form  assumed  by  the  prothorax,  which  is  developed  into  a  distinct  process 

posteriorly  and  often  into  two  thorn- 

like processes  laterally.  The  position 
of  the  antennse  and  ocelli  must, 

however,  be  examined  and  the  stu- 

dent will  readily  confuse  our  com- 
mon forms  with  Machcerota  in  the 

next  family  in  which  the  scutellum 

Fi«.  504-LBPTOBEi.uH  DA«i.     '     '«.   P^"'^'^^.^    '""^     ̂     backwardly directed  spine  and  the  imago  very 

closely  resembles  some  Membracids  in  general  appearance.  Our 

common  species  are  all  small  dull-brown  insects,  often  with  a  peculiarly 
close  resemblance  to  stifl  thorns,  their  attitude  on  the  plant  aiding 

the  resemblance.  It  is  probably  accurate  to  believe  that  they  are  pro- 

tected by  the  fact  that  when  at  rest  on  the  twig  of  a  plant  they  give 

the  appearance  of  stiff  thorns,  often  recurved  and  while  the  plants 

they  feed  on  often  have  no  thorns,  yet  these  insects  may  have 

originated  upon  thorn-bearing  plants  and  maintain  the  structures  and 

resemblance  which  are  still  useful  to  them. 

The  length  rarely  exce-eds  10  m.m.,  usually  being  about  4  to  6  m.m. 

(J  to  i  inch).  The  head  is  small,  concealed  by  the  greatly  developed 

prothorax  ;  the  latter  is  produced  posteriorly  into  a  long  sharp  prooeas 

which  may  lie  close  to  the  wings,  being  concave  above  or  be  convex  above 





PLATE  LXXVIII.— OxTRHACHis  Tarandus. 

Fig   1.  Eggs  laid  m  twig  of  babul  {Acacia  arabica). 
,.     2.  Nymph  five  hours  after  eraergence,  x  50. 

,,     y.  Egg-*,   removed  from  plant,  iniinedintely  (\£ter  being  laid  (left), 
before  hatching  (right). 

,,     4.  Nymph,  second  iu»tar,     x    18. 
.,     T).  „        third         ,.  X   16. 

,,     G  Imago. 
,,      7.  Head  of  imago  from  in  front 
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and  curve  down  to  the  apex  of  the  wings  ;  anteriorly  there  is  often  a 

single  upright  process  which  may  curve  backwards  high  over  the  body,  or 

be  produced  laterally  into  spines,  both  occurring  together  in  one  genus 
{Leptobehis) ;  more  often  the  prothorax  is  produced  anteriorly  into  two 

divergent  thorn-like  process,  curving  forwards,  laterally  or  backwards ; 
in  many  the  prothorax  is  not  produced  anteriorly.  The  scutellum  is 

obsolete  or  concealed  in  one  sub-family  (MembracincB),  the  tegmina  and 
wings  are  often  comparatively  small,  hyaline  and  distinctly  veined ;  they 
are  in  repose  placed  at  an  angle  over  and  against  the  abdomen,  which  is 
then  concealed.  Legs  are  well  developed,  short,  and  the  insects  can  run 

rapidly  along  a  twig  or  leap  ofi  suddenly,  taking  flight  then  to  another 
twig.  Males  and  females  are  similar  in  general  appearance.  In  one 

Himalayan  genus  (Darthula),  the  abdomen  is  produced  posteriorly  into 
a  long  bristly  process,  whose  function  is  not  known. 

Little  is  known  of  the  life-history.  We  figure  some  stages  of  Oxyrha- 
chis  tarandus,  Fabr.  (Plate  LXXVIII),  a  common  species  of  the  plains. 

In  this  as  in  other  species  eggs  are  laid  in  the  bark  of  twigs  of  the  food- 
plant,  cuts  being  made  in  two  rows  at  an  angle,  the  eggs  laid  in  the  cut 

with  the  ends  exposed  ;  each  egg  is  cylindrical  with  rounded  ends,  a  spine- 
like process  curving  back  from  the  end ;  this  spine  apparently  serves 

to  fix  the  egg  in  the  plant  but  may  have  other  functions.  The  young  are 

found  gregariously  with  the  adults  near  the  eggs  ;  they  are  brown  and 

shiny,  the  body  apparently  covered  with  moisture  ;  the  abdomen  ter- 
minates in  a  telescopic  tube,  tipped  with  red,  from  which  issues  the  liquid 

excretion  which  ants  love  ;  the  red  tip  suggests  a  device  to  attract  the 
ant,  since  it  is  visible  only  when  the  telescopic  tube  is  extended  before  the 

liquid  issues  In  one  sub-tropical  species  (Hypsaucheniasubfusca,  Buckt.), 
the  young  are  very  like  small  cockroaches  (Blattids)  with  a  prominent 

pair  of  cerci,  with  no  sign  of  any  pronotal  prominence,  the  body  flat- 
tened and  rounded.  The  adults  constantly  remain  motionless  on  the 

plant  until  disturbed,  often  in  clusters;  they  extract  sap  from  the  twig 
they  are  on  and  are  more  tfr  less  gregarious  in  habit.  Females  have  been 
observed  to  rest  on  or  near  the  eggs  until  they  hatch,  and  apparently  this 

is  the  normal  habit  in  this  species.  The  length  of  the  life-history  is  not 
known  but  development  occupies  some  weeks  normally,  and  while  the 

number  of  eggs  laid  is  large,  increase  in  number  does  not  appear  to  ))e 
/ery  great  or  rapid.    Breeding  has  been  observed  at  all  times   of   the 





PLATE   LXXVIII. 
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year  and  no  definite  seasons  are  known ;  there  is  some  reason  to  believe 

that  continuous  multiplication  is  not  possible  since  a  supply  of  plant 
sap  is  not  always  available  ;  i.e.,  that  these  insects  breed  at  seasons  when 

the  supply  of  plant  sap  is  large,  there  being  a  relation  between  the  plant 

and  the  insect  in  this  respect.  Food-plants  have  been  little  observed 

and  the  common  species  are  probably  considerably  }iolyphagous.  They 

are  found  on  trees  as  well  as  shrubs  and  the  more  bushy  herbaceous 

plants.  None  can  be  reckoned  as  pests  to  agriculture,  as  no  case  has  yet 

been  seen  of  their  occurrence  insufficient  number  to  materially  injure  a 

plant,  though  they  are  common  in  the  plains.  Little  is  known  of  their 

enemies  ;  Hymenopterous  parasites  were  obtained  from  the  eggs  of 

Leptocentrm  fnnrus  but  no  other  enemy  is  recorded. 

The  Indian  species  have  been  recently  monographed  by  Distant  in 

the  Fauna  of  India  :  117  species  are  described,  from  India,  Burmah  and 
Ceylon,  of  which  about  10  are  known  to  occur  in  India  exclusive  of  the  hills. 

The  records  of  ocicurrence  of  species  in  the  plains  are  however  very  meagre, 

as,  exclusive  of  ('alcutta  and  Bombay,  nearly  all  the  species  collected 
have  been  from  hill  localities.  There  is  a  large  field  for  collection  in  the 

plains  and  many  species  to  be  found.  Distant  recognises  two  sub-families, 
the  Metnbrarinw  in  which  the  scutellum  is  obsolete  or  concealed,  and 

the  fore  tibiue  dilated,  the  CentrotincB  in  which  the  scutellum  is  distinct,  the 

apical  angles  acute.  Of  the  former,  the  student  will  find  only  Oxyrhavhis 

in  our  fauna,  represented  by  (}.  tarandus,  Fabr.,  a  brown  insect  with 

the  posterior  pronotal  process  curved  up  from  the  apex  of  the  wings, 

the  anterior  lateral  processes  in  the  form  of  short  tricarinate  thorns. 

TAURUS.  
FLKXU08UH. 

This  species  is  common  in  many  localities,  breeding  upon  pigeon  pea 

(Cajanus  indicus),  babul  {Acacia  arabica),   laburnum  (Cassia  fistula) 

We  figure  the  stages;  the  eggs  can  be  readily  found,  the  female  usually 

remaining  over  or  near  them  until  they  hatch.    Of  the  Centrotinte  we 

figure  Leptocentrus  taurus,  Fabr.,  which,  with  L.  *Mi«h<M<««,  Wlk.,  is  found 
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on  bushes  in  the  plains.  L.  taurus,  Pabr.,  breeds  on  sissu  (Dalbergia 
sissu),  ber  {Zizyphus  jujuba)  and  on  brinjal  (Solcmum  melongena) ;  the 

nymph  is  green  and  is  often  kept  in  leaf-nests  by  the  red  ant  {Oecophylla 
smaragdina).  Gargara  mixta,  Buckt,,  is  a  small  form,  with  no  lateral 

processes,  found  breeding  upon  sissu  {Datbergia  sissu). 

That  extraordinary  insect  Darthula  is  placed  in  this  family,  though 
its  habits  agree  with  the  Cercopine  division  of  the  next  family.  It  is 

a  large  red-brown  insect,  with  a  long  black  process  at  tfee  apex  of  the 
abdomen  ;  seen  solitary  there  is  marked  mimicry  of  a  fallen  withered 

bramble-leaf,  the  process  being  the  hairy  leaf  stalk ;  but  the  insect 
lives  gregariously  upon  the  Himalayan  alder  (Ahns  nepalmsis),  where 
the  clusters  present  a  most  grotesque  appearance  with  the  bristly 

processes  sticking  out  at  all  angles.  Like  the  CercopincB,  these  squirt 
out  fluid  when  agitated.  The  species  is  not  a  tropical  one,  occurring 
in  the  Himalayas. 

Cercopiu^. 

Ocdli  two,  on  the  vertex.    Third  tibicB  with  stoui  teeih 

and  short  spines  at  the  apex. 

The  absence  of  the  double  row  of  spines  on  the  hind  tibia;  distinguish- 
es this  family  from  the  next,  while  the  simple  prothorax  distmguishes  it 

from  membracids.  There  is  a  characteristic 

appearance  about  the  plains  species  which 
enables  them  to  be  recognised  easily  in  the 

field.  Most  are  small,  wedge-shaped  insects, 

commonly  "  dry-grass  colour  "  ;  the  larger 
and  more  brilliant  forms  occur  in  the  hills  or 

in  submontane  forest  areas  ;  these  constitute 

a  markedly  separate  division,  and  it  would 
not  be  difficult  to  divide  this  family  into  three 
separate   families ;  the  MachcerotincB   have 
'^  „  ,       « ■  1      *■>«•  fl07— Clovia  Bihunc- the   scutellum  producea  into  a  spme,  and  tata.  x  4. 

live  in  tubes  when  young ;  the  Aphrophorina? 
have  the  anterior  margin  of  the  pronotum  rounded  or  angulate  ;  the 
adults  are  found  in  grass  and  low  vegetation,  and  have  great  powers 

of    leaping ;    the   nymphs    live  in  "  Cuokpo-spits"  ;    the  Cercopinde ' 
have  the  anterior  margin  of  the  pronotum  straight  and  have  the  eyes 
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Fig.  S09— Abidama 
PKODUf'TA.    X  3, 

Kby.,  is  less  common  but  is  found  in  the  plains.    Aphrophora  occurs  more 

sparsely,  A.  slgillifera,  Wlk.,  being  the  common  species. 

The  CerropincB  include  the  large  brightly- 
coloured  forms  of  the  genera  Phymatosteihus  and 
Cosmosrarta,  which  are  wholly  hill  forest  insects 

and  the  smaller,  fragile  forms  of  the  genera 
Abidama  in  the  plains,  of  CaUitettix  and  Eoscarta 
in  the  hills. 

Abidamamfula,  Dist.,  and  A.  prodwia,  Wlk., 

are  fragile  inconspicuous  insects,  found  at  light  or 

on  grass  ;  the  former  is  brown  to  black,  the  latter 
has  red  tegmina  edged  with  black.  They  are 
nocturnal  insects,  found  on  grass  by  day  ;  their 

life-history  is  wholly  unknown.  In  the  hills,  the 
large  species  of  Cosmoscarta  are  very  conspicuous  ; 
they  are  found  abundantly  on  trees  and  excrete  a  very  noticeable  amount 

of  liquid  honey-dew. 

Orelli  placed   on  the    front  margin  of  the  head.    Posterior  tihice  with    a 
double  row  of  spines. 

This  family  includes  a  large  number  of  small  linear  insects,  easily 

recognisable  by  the  spiny  tibiae.  They  are  of  varied  colouring,  almost 

always  cryptic,  in  a  few  sub-tropical  forms  warning.  Green,  "  dry- 
grass  "  colour  and  similar  tints  prevail  in  those  which  live  on  bushes 
or  in  grass ;  those  living  on  bark  are  speckled  with  black,  while  those 

which  form  part  of  the  surface-soil  fauna  are  black.  The  body  is 
usually  narrow  and  with  parallel  sides,  the  wings  tightly  folded  round 
the  abdomen  ;  the  head  is  broad,  closely  united  to  the  prothorax  as 

in  most  leaping  insects,  the  antenna)  thread-like,  small  and  incon- 
spicuous. The  legs  are  well  developed,  and  the  hind  pair  are  formed 

for  leaping  much  as  in  the  Acridiids.  Males  and  females  are  similar,  the 
former  with  clasping  organs,  the  latter  with  a  concealed  ovipositor. 

Little  is  known  of  the  life-history ;  the  eggs  are,  in  the  known  species, 
laid  in  the  soft  tissues  of  plants ;  the  nymphs  are  active,  found  running 
actively  on  the  plant.  The  number  of  moults  and  the  details  of  the 

metamorphosis  are  not  known  for  any  Indian  species ;  the  transfprm- 
ations  of  Idiocerus  are  wholly  passed  on  the  mango  tree  and  the  nymphs 
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nearly  round ;  they  live  a  free  life  upon  trees  and  bushes,  the  nymphs 
active.  We  discuss  these  divisions  separately.  Nothing  is  on  record 
as  to  the  enemies  of  CercojndcB  ;  none  are  really  injurious,  though 
MachcBTota  is  sometimes  abundant  on  cotton. 

Distant  lists  \:V)  species  from  India,  Burraah  and  Ceylon  (Fauna  of 
India,  Rhynchota,  Vol.  IV),  but  there  are  many  more  to  bp  found  and 
described,  even  in  the  plains.  One  of  the  most  interesting  species  is 
MachcBrota  guttigera,  Westw.,  described  as  making  tubes  on  plants  in 

Ceylon.  (Trans.  Ent.  Soc,  London,  1880,  p.  329).  M.  planiti€e,'Diat.,  is 
common  on  ber  (Zizifphusjujvba),  on  bael  (Mgle  marmelos),  on  cotton  and 

other  plants  in  India.  The  egg  is  laid  on  the  twig,  the  nymph  producing 
a  liquid  excretioa  which  it  forms  into  a  small  whitish  tube,  in  which  it 

lives  ;  it  is  in  fact  a  "  spit-insect  "  in  which  the  liquid  excretion  dries  to 
a  solid  substance.  We  figure  all  stages  of  this  insect,  which  may  be  seen 
commonly  in  the  plains.    (Plate  LXXIX.) 

AphrojjhorincB. — These  are  small  "  dry- grass  "  coloured  insects  whose 
immature  stages  are  commonly  passed  in  a  mass  of  bubbles  of  liquid, 

Kig.  008— Phymatuhtbtha  oikuumpata.      X  H, 

produced  by  the  nymph  itself  on  its  food-plant.  The  common  species  are 
found  on  grasses,  the  white  mass  of  bubbles  enclosing  the  flattened  whitish 

nymph.  The  details  of  the  metamorphosis  are  not  known  for  any  Indian 
species.  Poophilus  costalis,  Wlk.,  is  widespread  and  common ;  Ptydus 
nebuloaus,  F.,  is  a  little  smaller  and  darker ;  P.  ivbfaadatUB,  Wlk.,  and  P. 

afjinia,  Dist.,  have  the  tegmina  mottled  dark  and  light.  Choia  punda, 

Wlk.,  is  the  smaller  extremely  common  species,  dry-grass  colour  with 

a    single    black   speck   near   the  apex  of  the  egmen.    C.  bipunctata, 
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■of  other  species  are  commonly  seen  on  their  food-plants.  Idiooerus  has 
a  curious  cycle,  as  there  is  but  one  brood  yearly  on  mango  in  the  early 
hot  weather  and  the  imago  lives  over  on  the  tree  for  the  rest  of  the 
year.  It  is  possible  that  this  occurs  also  in  many  other  species,  and  it  is 
probable  that  there  is  a  very  close  inverse  relation  between  the 
vigour  of  the  host  plant  and  the  prosperity  of  the  Jassid  species. 
Hibernation  appears  to  occur  usually  in  the  imago  stagt  but  there  is 
very  little  accurate  information  on  this  point.  Equally  little  is  known 
oi  the  parasites  or  enemies  of  this  family. 

These  insects  are  found  commonly  in  grass,  low  vegetation,  on  the 

soil,  more  rarely  on  trees  ;  their  food-plants  are  little  known  ;  Jdinrerm 

is  found  on  tlip  mango  tree  and  other  species  specially  feed  upon  rice, 

cotton,  etc.  They  are  of  little  economic  importance,  the  species 

attacking  mango  destroying  the  blossom,  the  species  attacking 

cotton  causing  a  curling  of  the  leaf  of  the  broader-leaved  varieties 
(American  and  tree  cottons),  as  does  the  sj)ecieB  attacking  Castor ; 

as  with  other  small  sucking  insects,  there  is  a  marked  relation  between 

the  vigour  of  the  host  plant  and  the  amount  of  Jassids  attacking  it, 
and  it  has  been  often  observed  that  weak  plants  are  more  infested 

than  vigorous  ones  (see  Indian  Insect  Pests,  page  109).  The  number 

of  Jassids  in  pasture  is  sometimes  enormous,  and  it  is  possible  that 

injury  is  caused  in  such  cases,  though  we  are  not  aware  that  it  has 

ever  been  proved. 

Distant  has  recently  described  the  Indian  forms  in  Volume  IV  of 

the  Fauna  of  India  ;  we  are  aware  of  no  pubUshed  information  on  this 

family  except  descriptions  of  species,  which  are  all  referred  to  by 

Distant.  Large  numbers  of  species  probably  remain  to  be  described 

since  the  plains  fauna  especially  has  been  little  collected  and  it  is  very 

extensive,  probably  equal  to  the  sub-tropical  fauna. 

Distant    enumerates    340   species  in  the 

Fauna  of  India,  Vol.  IV,  of  which  54  are 

actually  recorded  from  localities  in  tropical 

India,  chiefly  from  the  Pusa  collection. 

LedrincB. — A    small    number   of    species 

Fig.  610  -LBBRA  MuiioA.        of  very  marked  facies,  the  broad  
foliaceous 

K  U-  head    specially  distinguishing  our  species. 
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Jassid,  an  almost  white  insect,  about  one-third  of  an  inch  long, 

found  abundantly  on  this  crop  and  in  grass.  It  is  widely  spread  in 

India  and  is  at  times  found  in  such  abundance  that  it  may  almost  be 
put  down  as  a  pest  and  will  probably  rank  as  a  destructive  insect 

when  it  is  exceptionally  abundant.  It  is  the  sole  example  of  this 

large  genus,  so  well  represented  in  sub-tropical  India,  which  is 

really  widespread  in  the  plains.  KoUa  mimtca,  Dist.,  is  extremely  like 
the  foregoing  species,  but  is  not  known  to  have  its  wide  distribution  ; 

students  will  certainly  confuse  it  and  should  bear  in  mind  Distant's 

remark :  "  It  is  however  to  be  generically  separated  by  the  angular 
vertex,  the  lateral  margins  of  which  are  in  a  line  with  thr  outer 

margin  of  the  "yes." 

Gyponince. — The  three  tropical  Indian  species  are  so  distinct  that, 

though  the  ocelli  are  on  the  vertex,  they  will  be  readily  recognised. 

■B         ri.T     «„._„..  Fig.  S12a— KKIRNA  HTRIOI- 
Flg.  .512— PBMHIMIA  feUBNlGBR.  *         eOLlIH.    >    3. 

Penthimia  compacta,'Wlk.,  P.  subniger,  D'lBt.,  o,nA  Neodarfus  acocepha- 
loides,  Mel.,  are  dark-coloured  rather  broad  insects,  flattened  and 

not  slender,  which  are  found  on  soil  and  among  fallen  leaves,  or 

which  come  rarely  to  light.  They  are  rather  sluggish  insects  and  form 

part  of  the  immense  surface  soil  fauna,    unlike  most  of   this   family. 

JassincB. — Ocelli  placed  on  or  at  the  anterior  edge  of  the  head. 
Mttcaria  splendida,  Dist.,  will  be  confused  with  the  last  species  unless 

the  ocelli  are  looked  for  when  they  will  not  be  found.    It  is  a  rather 

broad  black   species,   so  far    known   only   from  Pusa.      Hecaltu  i» 
iiL  47 
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Ledra  tmiiica,  Fabr.,  is  a  dry-grass-ooloured  insect,  speckled  with  grey, 
found  not  uncommonly  and  which  occasionally  comes  to  light.  It 

IB  a  comparatively  large  insect,  measuring  two-thirds  of  an  inch  in 

length,  with  a  flat  spear-shaped  head.  The  green  foliaceous  semi- 
transparent  nymphs  have  been  found  on  mango  but  sparsely. 

Bythoscopinm. — The  head  is   much   deflexed,  the  vertex   almost 
absent,  the  ocelU  on  the  face.    Tegmina  membranaceous. 

Idtocerus  clypealis,  Leth.,  7.  mveosparsus,  Leth.,  and  /.  athnsoni, 

Leth.,  were  described  from  specimens  attacking  mango  shoots  in 

Saharanpore  (I.  M.  N.,  I.,  4).  These  small 
insects  occur  in  great  abundance  in  some 

seasons,  and  mango  trees  then  contain  vast 

numbers  which  fly  out  in  a  cloud  when  dis- 
turbed. They  feed  on  the  sap  of  the  young 

growing  shoots  specially,  and  the  develop- 
ing flowering  shoot  naturally  attracts  them. 

When  really  abundant,  the  amount  of  sap 

they  extract  is  sufficient  to  prevent  the 

shoot  growing,  and  the  whole  crop  is  lost 

owing  to  the  destruction  of  the  flowers. 

They  occur  practically  throughout  India 

and  are  abundant  only  in  some  years  and 

in  the  hot  weather.  Their  eggs  are  laid  in 
the    soft   shoots  and   the  moults  of    the 

nymphs  are  undergone  on  the  leaves,  the  cast 

skin  remaining  behind  on  the  leaf.     It  is  now 

I|t^^c3|  jj  known  what  their  seasons  are  ;  in  Behar 

^jMB^  there  is  one  brood  in  the  early  hot  weather 
rfSSSS^  (March— April)  and  the  adults  then  live  over 

on  the  tree  until  the  next  year.  They  have 
ijot  been  found  to  breed  in  the  interval  and 

regular  observation  has  shown  them  to  remain 

aUve  throughout  the  year  as  adults  sitting 
on  the  bark  or  lejjves. 

leuiyviiKK,,^. — The  ocelli  on   the  vertex 

Fig.  wia-TKTTwosi-      °^  *^®  ̂ ^'  *^®  ̂ ^  prominent  and  convex.
* 

KLLA  iPSOTBA.  TetiigonkUa  spedra,  Dist.,  is  the  common  rice 

HFAB8UB. 
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represented  by  a  single  green  species  with  the  broad  head  of  Ledra, 
but  which  is  easily  distinguished  by  the  absence  of  the  ocelli  from  the 

head  above.  Thomsoniella  is  represented  by  two  small  dull  green 
species,  so  far  known  only  from  Bengal,  but  probably  far  more  widely 
spread.  Selenocefhalus  virescens,  Dist.,  is  known  from  Bengal  and 
Assam,  a  dull  green  species  with  a  groove  across  the  apex  of  the  head. 

KrisnaatrigicolUa,  Spin.,  is  a  larger  dry -grass  coloured  insect,  more 
than  half  an  inch  long  in  large  specimens,  widely  spnfad  in  tropical 

and  sub-tropical  India.  Gonicignathus  punctifer,  Wlk.,  is  a  broader 
brown  insect,  widely  spread  over  the  plains,  as  in  the  hills  ;  Vartd 

rubrofaseicUa,  Dist.,  is  a  larger  green  insect,  the  tegmina  with  red 
lines  found  as  yet  only  at  Pusa. 

Nephotettix  includes  the  green  species  which  are  so  well  known  to 

Calcutta  residents  as  the  "  fly  "  which  comes  in  hordes  to  light 
towards  the  close  of  the  rains.  Two  species  are  concerned,  N. 

hifunctatm,  Fabr.,  in  which  the  female  is  green,  the  male  green  with 
two  black  spots  and  N.  apicalis,  Motsch.,  which  is  green,  much 
marked  with  black.  They  come  freely  to  light  and  in  the  humid  heat  of 

Lower  Bengal  multiply  immensely  and  are  a  distinct  plague.  Deltoee- 
phalus  and  ParaUmmta  are  recorded  from  the  plains. 

TyphlocybincB. — "  The  Typhlocyhinoe  are  readily  separated  from  all 
the  other  sub-families  of  the  Jassidae  by  the  four  longitudinal  veins  or 

sectors  of  the  tegmina  which  run  to  the  transverse  veins  defining  the  api- 
cal cells  without  branching,  so  that  there  are  no  ante-apical  cells  and  also 

by  the  absence  of  supernumerary  cells  in  the  wings.  " — (Gillett  in 
Distant.) 

Empoasca  flavescens,  Fabr.,  is  the  well-known  "  Green  fly  "  of  tea, 
recorded  by  Distant  from  India,  Ceylon,  East  Africa,  Brazil,  Europe, 
Britain,  United  States  and  the  whole  Palearctic  Region.    It  is  one  of 
the  insects  which  by  sucking  the  apical  shoot  check  the  growth  of  tea  and 

lessen   the   yield,  though  improving  the  flavour.    Ordinary  contact 

poisons  check  it  readily.    The  very  delicate  green  nymphs  are  common 

-on  tea,  but  it  is  not  easy  to  be  sure  how  much   damage  is  really   due 
.solely  to  this  pest.    Empoasca  notata,  Mel.,  is  a  common  insect  on  castor. 

The  eggs  are  laid  in  the  soft  tissues  of  the  leaf  mid-rib  and  the  bright 
.green  nymphs  suck  the  leaves,  causing    curling   and   distortion..  The 
imago  is    green,  with  only  dull  white  markings  on  the  vertex  and 
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prothorax.  The  insect  is  a  pest  to  some  varieties  of  castor  especially, 
but  is  not  usually  destructive  to  castor  grown  as  a  field  crop. 

TypUocyha  sudra,  Dist.,  is  sometimes  curiously  abundant  on  Bauhinia 

and  it  is  a  striking  commentary  on  the  dependence  of  these  sucking 

insects  on  their  food-plants  to  see  a  tree  with  the  leaves  yellow  and 
withering  from  the  depredations  of  this  insect  when  none  live  on 

neighbouring  trees.  Annandale  records  their  occurrence  in  Calcutta 

and  we  have  seen  a  remarkable  case  of  this  kind  at  Pusa,  a  tree  with 

every  leaf  covered  with 
them  in  all  stages  and 

which  put  forth  and 
maintained  healthy 

foliage  only  after 
thorough  spraying. 

Colleding. — There  is 
much  to  be  done  before 

the  Jassids  of  tropical 
India  become  properly 

known  and  the  num- 

ber of  species  recorded 

only  from  Pusa  or  Cal- 
cutta in'tropical  India 

shows  how  little  the 

family  has  been  col- 
lected in  the  plains. 

Still  more  is  there 

room  for  life-history 
and  bionomic  work 

and  no  group  offers 

such  facilities  for  re- 
search on  the  relation 

between  the  vigour 

of  the  plant  and  its 

immunity  from  these 

and  kindred  pests. 

FIr.  OlS-IOIOOBaUS  OXVPEAUK.    (V.  M.  H.) 
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division),  in  the  immobile  nymph  firmly  protected  by  a  '  scale '   and 
living  gregariously  fixed  to  one  part  of  the  plant. 

In  Coccidm,  the  parasitism  is  at  its  height ;  in  a  number  we  find  that 
parthenogenesis  is  a  frequent  occurrence,  that  the  nymph  is  active  only 
in  the  youngest  stage,  that  the  female  is  a  simple  sac,  pro'fucing  eggs, 
that  a  scale  or  other  covering  is  present  and  that  the  male  alone  is  free- 
living  and  winged  ;  the  insects  live  gregariously  fixed  to  the  plant  and 
viviparous  reproduction  is  not  uncommon. 

[Tntil  the  physiology  of  the  pupal  period  is  investigated  in  greater 

detail  it  is  impossible  to  judge  how  far  the  metamorphosis  is 
really  perfected,  but  there  is  a  growing  differentiation,  both  in 

the  Phytophthires  as  a  whole  and  in  Coccidft'  themselves  of  the 

metamorphosis,  though  the  wings  are  developed  outside  ;  there  is 

not  quite  a  sudden  change  from  the  wholly  apterous  nymphs  to 

the  '  pupa  '  with  large  free  wing-rudiments,  since  the  insect  makes 
its  cocoon  after  the  last  nymphal  moult  (not  before,  as  in  truly 

raetabolous  insects)  and  since  it  is  active  after  the  pupal  moult  and 

can  move  away  to  shelter  before  the  wing  pads  emerge ;  but  the  whole 

process  of  wing  development  and  of  'metamorphosis'  takes  place  not 
during  the  last  three  instars  as  in  most  Homoptera,  but  during  the 

last  alone,  the  insect  being  then  immobile.  This  is,  in  essence,  an 

incomplete  but  advanced  metamorphosis,  and  if  we  regard  Coccidw 

as  being  linked  on  to  the  Homoptera,  then  we  must  regard  the 

Phytophthires  as  showing  a  growing  tendency  to  a  metamorphosis 

and  thus  to  an  approximation  to  the  higher  and  metabolous  insects. 

We  are  of  the  opinion  that  the  group  show  a  marked  adaptation  to 

a  '  parasitic '  existence,  visible  in  the  differentiation  of  the  male 

metamorphosis  and  in  the  simplification  of  the  female  life,  the  first  to 

secure  the  perfect  winged  form,  the  latter  to  secure  the  undifferentiated 

egg-sac.  If  this  view  be  correct,  the  division  is  moving,  not  to  an 

approximation  with  higher  forms,  but  to  an  increased  degradation, 

an  adaptation  to  an  inactive  and  parasitic  existence.  There  is,  how- 

ever, no  reason  to  believe  that  CoccidcB  have  sprung  from  a  separate 

stock  as  some  would  have  us  believe,  and  we  may  regard  them  as 

being  the  present  apex  of  one  branch  of 'the  Homoptera. 
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The  Rmaller  Homoptera,  of  the  families  Cercojndm  andMemhracido', 
lead  into  a  series  in  which  the  active  habits  of  the  larger  Homoptera  are 

replaced  by  a  method  of  life  in  which  the  insect  is  more  or  less  fixed  witli 

a  closer  '  parasitism '  of  the  host  plant  than  occurs  in  the  more  active 
forms  and  in  which  there  is  a  tendency  to  the  development  of  wingless 

forms,  culminating  in  completely  apterous,  usually  inactive  females. 

Correlated  with  this  is  a  growing  differentiation  of  the  inactive  pupal 

stage,  leading  to  the  almobt  wholly  inactive  male  '  pupa  '  of  ComdcB 
Taking  these  together,  there  is  sufficient  justification  for  separating  off 

as  a  single  group  the  dimerous  and  monomerous  families  of  Homoptera, 

with  a  clear  understanding  that  they  are  not  so  widely  separate  from  the 

trimerous  families  as  perhaps  the  Coccidw  themselves  are  from  the  dimer- 

ous families.  It  is  probable  that  strictly  we  should  separate  the  Cocndcp 

as  a  division  equal  in  value  to  the  two,  Tnmera  and  D^mera,  but  this 

would  be  for  our  present  purpose  inconvenient.  An  obvious  structural 

character  separating  the  Phytophthires  from  the  Homoptera  is  the 

antenna,  in  the  former  long,  usually  with  8  to  10  distinct  joints,  in  the 

latter  short,  with  a  basal  ]oint  and  a  bristle-shaped  process. 
Phj/tophthires,  as  here  constituted,  are  marked  by  modifications  of 

habits  and  structure  which  accord  with  a  more  specialised  parasitism 

to  their  host  plant ;  in  the  PsylhdcB  we  get  flat  inactive  scale-like  forms, 

often  gall-insects,  in  which  locomotion  is  greatest  in  two  stages,  the  very 
young  larvsp  and  the  winged  males  and  females,  but  which  does  occur 

in  all  stages;  in  the.4pA?rf(B,  the  phenomenon  of  parthenogenesis  appears, 

combined  with  the  viviparous  habit  and  the  apterous  female  adult,  but 

this  is  combined  with  winged  males  and  females  and  production  of 

fertihsed  eggs  ;  the  apterism,  viviparism  and  parthenogenesis  displayed 
are  found  when  abundant  food  and  suitable  climate  are  favourable  to 

quick  reproduction  and  an  easy  life  on  the  growing  plant,  when 

locomotion  is  not  required  and  the  organism  devotes  itself  to  its 

parasitic  activities  ;  when  these  conditions  disappear,  the  characters  of 

the  higher,  less  degraded  organism  axe  developed  to  meet  the  less  easy 
conditions  of  life. 

In  AleurodidcB,  the  active  periods  are  limited  to  the  young  nymph  and 

the  winged  adult,  both  sexes  are  winged  and  egg  production  is  the  rul^; " 
but  the  parasitism  shows  itself  in  the  reduction  of  moults  (as  in  all  of  ti^ 





PLA.TE  LXXX.— PsYtUDJ!. 

Fig.  1.     Pod  of  Alttonia  aeholaris,  with  two  mature  gslls  ont  through. 
„     2.    Nymph  of  the  gall  ioacct,  found  ia  the  galL 

3   ) 
"         \  Fsyllid,  after  emergence. 

II     '•  ' „     5.    Yooug  gall  ou  leaf  of  AUtonitmeholarU,  cauaad  by  the  gave 
inaeotw 

„     6.    tiallB  on  gular  (Fiiiut  glomerata)  leaf.'' 
„      7.     Nymph  from  the  gall,     x  20. 
,     8,    Payllid,  after  emergenoe. 
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Fig.  514— Phvli.a  oistbllata.    (I.  M.  N.) 

PSYLLID^. 

Small  insects,  with  one  or  two  pairs  of  wings  in  both  sexes,  withoid 

siphons  ;  the  nymph  is  flattened,  partidllij 
active  in  all  stages. 

These  are  small  insects,  of  infrequent  occurrence,  found  in  galls  or 

on  plants.    The  antennae  are  moderately  short,  the  head  with  compound 

eyes  and  a  beak,  the  thorax 

well-developed  with  one  or 

two  pairs  of  hyaline  wings 
in   which  are  two  or  more 

veins.    The  abdomen  is  well 

developed,  and  the  legs  are 

formed    for    running,    not 

leaping.    Males  and  females 

are  similar  in  general  ap- 

pearance.   The   life-history 
is  known  in  few  species ;  the 

nymphs  are   flattened,    the 

wing-pads  visible  in  the  last 

three  instars ;  the  legs  are  well  developed  and  the  nymph  can  walk. 

Some  are  free  living,  found  on  the  leaves  and  twigs  of  plants,   others 

live  concealed  in  galls  ;  the  latter  are 

probably  predominant  and  a  large 

number  of  galls  in  India  are  the  work 

of  this  family.  No  species  has  been 

carefully  studied  and  very  few  are 

even  known.  In  the  present  state  of 

entomology,  their  identification  is 

practically  impossible  and  the  Indian 

species  are  almost  wholly  unrecorded. 

The  family  has  little  direct  economic 

importance,  one  species  being  destruc- 
tive to  indigo  seriously  in  some  seasons, 

another  occurring  on  citrus  plants.  We 

figure  two  species  occurring  in    galls 

Fig.  &ld— Galls  civsbd  by  Psylla    on  Alstonia  scholaris  and  Ficus  glome- ciSTiLLAXA  OH  Mango.  .  i     .i.„_„    _„  i,„„.„«    i^^+v, 

(I.  M.  N.)  »■«*«  /  several  others  are  known,  both 
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(Plate 

Fig.  r)Ifl-PSYLl,A   OBSOLM'A,    BUl'KT, 

gall-insects  and  free-living  species,  besides  those  recorded  below. LXXX.) 

Kicfier  has  described  Pharosema  gallirola  as  causing  a  gall   on  the 
leaf  of  (Vinnamonwa  sp.  in  Trichinopoly  (Zeit.  Wiss.    Insectenbiol.     II, 

■588)  making  a  new  sub- 

family, Phacoseminw,  for 

this  and  for  P/iacof)tcron 

Irntiginosum,  Huckt.  The 

family  is  usually  divided 

into  PsifUincp.,  Aphalori- 

nw  and  Triozina',  ac- 
cording to  the  venation. 

Psiflla  isitis,  Buckt.,  was 

described  from  the  full- 

grown  nymph  of  an  in- 
sect said  to  destroy  in- 

digo. The  species  has 
been  found  on  indigo 

since  then  and  causes  the  terminal  shoot  and  leaves  to  curl,  all  growth 

ceasing  in  bad  cases.  Trioza  {Pui/lla)  ohaoleta,  Huckt.,  is  recorded  on 

fJiospyroii'melanoxylonin'ni&na,(l.M.  N.,  V,  .}">).  PsyUarixtellala,  Huckt., 
is  referred  to  (I.  M.  N.,  Ill,  13)  as  causing  galls  on  mango  shoots  in 

Dehra  Dun.  We  reproduce  the  original  figures  of  this  species,  which 

has  been  found  sparingly  in  Behar  also.  Phakuf/tewn  lentiginosum. 

Buckt.,  was  described  from  species  regard  from  galls  on  (iaruga  p'mrKtln 
in  Poona  (I.  M.  N.,  Ill,  No.  5,  p.  18). 

Kieffer  describes  Indian  gall-making  I'syllids  (Ann.  Soc.  Bruxeiles, 

HK).'),  XXIX,  p.  IW),  etc.)  :  Cecidopsylla  schimw,  Neotrioza  machili, 

Ozotrioza  styracearum,  0.  lawienearum,  Pauropsylla  ficicola,  P.  globull 

and  Psylla  cedrelw,  are  the  new  species. 

AvHiVM.  -  Plant  ne'e.  Green  fly. 

Small  insects,  often  wingless,  the   tarsi    with    two 

joints,  the  abdomen  usually  v>Uh  a  pair  of  abdominai  
siphons. 

These  insects  are  readily  distinguished  by  the  rounded
  form  and  pair 

of  siphons.    They  are  small,  rarely  more  than  on
e-t*nth  of  an  inch  long, 

and  coloured  in  dull  yellows,  greem.  and  black.    Th
e  head  is  distinct, 
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with  long  straight  antennse,  small  compound  eyes,  and  long  thread-like 
mouthparts  extruded  from  a  short  proboscis.    The  thorax  and  abdomen 

Fig    517— RHoi'ALosirHUM  iiiANrHi.    (I.  M.  N.) 

are  robust,  the  latter  having  a  pair  of  'siphons'  on  the  dorsal  surface  ; 
there  is  a  short  tail-like  structure  on  the  lower  surface,  the  Cauda.  The 
legs  are  long  and  the  insect  walks  slowly.  Wings  are  long,  with  few  veins, 

usually  hyaline  with  pearly  reflections.  Wingless  individuals  are  very 

common  and  occur  with  winged  ones.  The  Ufe-history  presents  peculiar 

features,  adaptations  to  the  '  parasitic  '  mode  of  life  of  these  insects. 
The  females  are,  as  a  general  rule,  parthenogenetic,  producing  eggs  and 
young  without  the  intervention  of  a  male.  Generally  young  are  pro- 

duced which  are  females  ;  the  development  may  be  very  rapid,  there 
being  but  few  moults,  and  after  the  lapse  of  three  days  the  female  often 

commences  producing  .living  young,  which  will  after  the  lapse  of  three 
days  in  turn  produce  young.  This  occurs  normally  in  our  common 
aphides  which  live  on  mustard,  wheat,  and  cotton. 

In  temperate  climates,  there  is  often  a  brood  of  both  sexes,  of  which 

the  females  produce  eggs  ;  this  brood  normally  occurs  before  the  winter 
and  the  eggs  survive  the  cold  winter.  This  has  not  been  shown  to  occur 
in  India  and  there  is  as  yet  no  evidence  that  such  likely  is  to  occur ;  some 
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of  our  hpecies  are  temperate  forms  which  are  active  only  iu  the  cold 
weather  and  have  to  live  over,  not  cold  but  hot  weather  :  others  are 

active  throughout  the  year  when  food  is  available.  The  commonest 

aphides  appear  to  have  no  sexual  generation  in  the  plains  and,  though 

much  is  obscure,  it  is  at  present  reasonable  to  believe  that  the  altered 

climatic  conditions  produce  different  sexual  habits.  Aphides  are  uni- 

versally plant  feeders,  living  on  the  sap  of  plants,  cieveral  common 

cultivated  plants  are  very  seriously  attacked  and  it  is  doubtful  if  any 

cultivated  plant  will  not  be  found  to  be  the  host  of  some  species. 

A  swet't  liquid  ih  ])roduced  by  these  insects  and  is  either  excreted  at 
the  anus  or  .secreted  from  the  siphons.    This  li(|uid  (honeydew),  which 

is  j)roduced  by  many  liomopterous  in- 
sects, IS  a  favourite  food  oi  ants.  Cer- 

tain species  of  ants  derive  a  large  part 

of  their  food  from  aphides  and  it  is  not 

uncommon  to  see  the  aphides  cared 

for  by  the  ants,  shelters  built  for  them 
and  their  enemies  kept  off.  Many 
have  more  intimate  relations  with 

ants  but  our  common  species  are  free- 

living  and  are  only  visited  by  ants. 

Many  other  insects  feed  on  the  honey- 
dew  when  it  falls  in  abundance  on  the 

leaves,  but  only  ants  are  known  to 

obtain  it  direct  from  the  siphons  of 

the  aphides.  The  enemies  of  aphides  are  proportionate  to  their 

enormous  power  of  increase  and  are  th.^  sole  check  ui)on  them. 
Aphides  are  parasitised  by  Braconids,  are  devoured  by  the  larvae  and 

imagines  of  Coocinellid  beetles,  by  the  maggots  of  Syrphus  and  other 

flies,  by  the  grubs  of  the  Hemerobiids.  Fungoid  diseases  destroy 

them  under  favourable  conditions  and  birds  have  been  seen  to  eat 

them.  Were  it  not  for  these  checks  the  aphides  would,  under  their 

ordinary  rate  of  increase,  render  the  earth  uninhabitable  within  a  short 
time. 

The  classification  of  Aphides  is  a  disgrace  to  modern  entomology, 

and  the  group  has  not  been  properly  studied  in  recent  years.  Buck- 

ton's  British  Aphides  deals  with  the  group  as  a  whole,  but  the  genera  are 

V\s 
.518-BHIZOBIUS  .HJ.ItIBt. 

(t.  M.  N.) 
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founded  on  iusuflicient  characters,  and  the  discrimination  of    species, 

largely  on  very  variable   colour  varieties,  is   extremely   difficult.    The 

grou})  requires  to  be  properly  monographed, 

the  genera  and  species  to  be   founded    on 
definite   structural  characterh.    Few  species 

of   Indian  aphides  are   recorded   and    the 

known  species  are  here  summarised ;   it   i^ 

certain  that   there  are   many  more   species 

(especially   in  sub-tropical  India),  and  there 
is  a  very  large  field  of  work  in  the  biology 

of  these  extremely  important  and  interesting 
insects. 

The  wheat  aphis  {Macromphum  qrananum,  Kby.)  is  found  on  wheat 

during  the  cold  niontli.s,  infesting  the  leaves  and  ears.    As  the  ears  ripen 

l''l!f.    "ll9— RHIZOBIITs  .TU.I  I'  B  1 Antknna.    (I.  M.  N.) 

VlR.   .'lao— Pbmphk.u^  NAPAUs.  (I.  M.  N.) 

with  the  warmer  weather,  they  fly  away  to  the  doob  grass  and  feeding 

for  a  little  on  this  plant,.hide  away  on  the  surface  of  the  soil.  In  what 

stage  they  remain  until  November  has  not  been  ascertained,  but  they 

reappear  then  on  the  wheat  and  it  is  probable  they  pass  these  months 

in  the  adult  stage.  The  Cotton  A-phit,  (Aphw  gossypii,  Glov.)  iB&  cos- 
mopolitan insect  which  breeds  freely  at  all  seasons  of  the  year  if  food  is 

available.  It  has  been  found  on  cotton  and  cucurbitaceous  plants  and 

may  have  other  food- plants.  Schizoneura  laniqera,  Hausm.,  the  so-called 
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Kijt. 
5ai— Chaitophokun 

WlMCIS. 
MAUULATUK 

"  American  Blight "    or  "  woolly  louse  "  is  stated  to  occur  in  .South 
India  and  to  have  been  extremely  destructive  ;  a  great  deal  has  been 

written  about  this  pest  in  temperate 
chmates,  and  what  is  known  of  it 

in  India  will  be  found  in  Indian 

Museum  Notes,  II,  p.  ■)2. 
Buckton  described  Rhizobiua  juju- 

bm  from  the  roots  of  ber  [Zizyphus 

jujuba)  and  also  recorded  the 

European  rose  aphis  {Siphonophora 

roscB)  from  India  (British  Aphides,  Vol. 

IV).     Though    occurring    outside  the 
limits  of  the  plains,  we  may  notice  the 

gall-making  aphid  on  Pistachia  terebin- 
thvs  described  by  Buckton  as  Pempfiigm 

wdificator  (I.  M.  N.,  111.71)  as  welt  as 

P.  napcpus,  Buckt,,   and    P.  immunis. 

Buckt..  on   Poplar  and  Aspen  in  the 

Himalayas  (I.  M.  N.,  IV.  W).    Oregnia 

bambiisce,  Buckt..  is  described  as  at- 

tacking bamboo  in  Dehra  Dun.    (I.  M. 

N.,  Ill,  «7.) 

CHAITOJ'HOKUH  MAOUtATUH 
WlNOI-KKH  FORM. 

Buckton  also  described  C'haitophorus 
maculatus  (I.  M.  N.,  IV,  277),  which  vig.  622 

attacked  lucerne  in  Jodhpur.  It  is  a 

frequent  pest  to  lucerne  in  other  parts  of  India  where  this  crop  is  grown 

for  fodder.  The  ft)llowing  is  a  list  of  definitely  recorded  or  identified 

species  : — 

Mcurosiphvm  sonchi,  L. 

Toxoptera  aurarUii,  Boyr. 

Aphis  gossypii,  Grlov. 
„       rumicis,  Linn. 

„       adtista,  Zehnt. 

cardui,  Linn. 

,,       brassiccB,  Linn. 
.,       malvcB.  Pasc. 

on  Safflower. 

Orange. 

,.  Cotton,  Hucumber,  etc. 

,,  Vigna  catjang,  Beniwann 

cerifera. 

„  Juar. 
„  Pigeon  pea. 

„  Radish. 
Bhindi. 
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Nyzus  nerii,  Boyr. 
Mctcrosiphum  granarium,  Kby. 
Chaitophorus  maculatiis,  Buckt. 
Rhizobius  jujtihw,  Buckt. 
Cej/lonia  thecBCola,  Buckt. 
Schizoiieura  lanigera,  HauBm. 

Pemphigus  cedificator,  Buckt. 
,,  napaeus        „ 

immunin       „ 

on  Ak.  (Calotropis). 
Wheat,  barley,  etc. 
Lucerne. 
Ber   {Zizyphus  jujuhw). 
Tea. 

Apple. 
Pistavhu  terebinth  us. 

Poplar. 
Aspen. Rose. 

Aquatic  plants. 
Rape. 
Bamboo. 

Siphonophora  rosce,  Ream. 
Rhopalosiphum  nymphece,  Fabr. 

,,  dianthi,  Sclir. 
Oregma  hambusre,  Buckt. 

AhEimovwjE. 

Mealy  wings.    Tarsi  two-jointed.    Both  sexes  wmged,  with  few  veins. 
Nymph  in  a  scale  with  a  vasiform  orifine. 

This  is  a  family  of  small  insects,  difficult  to  distinguish  in  any  but  the 
adult  winged  stage  from  Coccidce.    The  adults  have  two  pairs  of  wings, 

Fig.    5i2S«-4LBUKODE8  NDBILANS.     (I.  M.  K.) 

with  at  most  two  veins  in  each ;  this  separates  them  from  Cocddw  in 
which  the  male  has  but  one  pair  of  wings,  the  female  none,  and  from 
Psyttida,  in  which  the  wings  have  more  than  two  distinct  veins.    The 

adults  are  small  moth-like  insects,  with  floury  wings,  usually  white,  • 
sometimes  with  black  or  grey  spots  or  bands. 





PLATE   LXXXL— Aleurodes  Bicini  (Nom.  Nud.). 
Castor  Aleurodbs. 

Fig. 1. 
Eggs  ou  a  youDg  castor  leaf,     x  8. 

It 

2. A  single  egg.     x  20. 

II 

3. 
Nymph  just  hatched,     x  80. 

11 

4. 
„       two  days  later  with  waxy  fringe. 

91 
fj. 

„       in  last  stage,     x  25. 
>» G. Adult  female. 

It 
11 

7. 
8. 

„      male. 
ft                  11 

Clania  Soror. 

,,     9.     Larva  that  feeds  on  the  Aleurodes  nymphs. 
„    10.     Pup*. 

„    11.     Imago. 

Figures  9,  10,  11,  illustrate  the  Ooccineiiid  beetle  which  specially  feeds 

upon  thia  mealy-wiug. 
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749 The  antcnnee  are  usually  seven -jointed  and  niodera<;eIy  long ;  the 
compound  eyes  are  distinct  and  there  are  usually  two  ocelli.    The  wings 

are  of  nearly  equal  size,  with  bristles 
or  ornamentation  at  the  margin,  the 

t\ioTax  we^\  developed.  The  abdomen 

is  ovate  and  thickset,  the  vasiforni 

onfice  present  (.see  \w\o'w'^  tW  tnaAf 
with  a  short  penis.  Legs  are  of  moder- 

ate length,  the  insects  being  able  to 

walk  and  fly. 

Peal  worked  out  the  life-history  of 

some  species  and  more  has  since  been 
learnt  of  this  group.  The  eggs  arc 

usually  attached  to  the  leaf  by  a  very 
short  stalk  and  are  smooth,  shiny,  oval 

in  form.  They  are  laid  in  clusters  on 

the  leaf,  often  in  a  circular  band  formed 

by  the  female  revolving  as  on  a  pivot 
while  depositing  them.  The  young 

larva  that  issues  is  active,  of  the  flat- 

tened oval  shape  of  a  Coccid  larva, 

with  legs  and  antennse;  it  is  active 

for  a  short  time  and  moves  about  till 

it  finds  a  satisfactory  place  when  it 

settles  down  and  fixes  itself.  It 

then  moults  and  becomes  a  legless 

scale-like  insect,  flattened  and  press- 

ed to  the  leaf ;  there  is  usually  a 

development  of  wax  as  a  covering, 

the  wax  being  the  product  of  dermal 

glands,  as  in  the  CooddcB ;  this  wax 

often  takes  very  bizarre  forms.  The 

characteristic  of  this  and  the  later 

immature  stages  is  the  "  vasiform 

orifice,"  an  opening  on  the  dorsal  Fig.  M|V-At.nHoo»^  b«oo«..» 

surface  of  the  abdomen  leading  „,  ,„,v,,  j..  VMiform  '^«« 

ipto  a  space  in  which  Ues  a  
narrow      operculum.   (J.  M.  N.) 

Fie.  ."iSI-Ai  hrRoui's  Bah<ii>rnm>< 
E«(J,  Nymph,  Pi'M.  (r.  M.  N.) 

„.    B.   Margin 
orifice    i»ni| 
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structure,  like  a  tongue  (the  lingula)  from  which  honey-dew  is  secreted  ; 
this  orifice  is  covered  by  a  hinged  plate  (the  operculum).  In  this  state, 
the  nymph  has  its  rostral  setsB  buried  in  the  tissues  of  the  host  plant, 

and  feeds  on  the  sap  it  extracts.  In  addition  to  producing  honey-dew, 
it  produces  the  wax  it  is  covered  in ;  it  is  apparently  uncertain  whether 

honey-dew  is  or  is  not  distinct  from  the  excreta ;  it  is  stated  to  be  so 
in  PsyllidtB,  but  not  in  Aphidm :  we  believe  it  is  not  distinct  in  Cocrida> 
or  Aleurodidw  in  all  cases. 

i",.v  •;•':•':■.•/ 

'.■:>.■.'■:  ' 

Fi(r.  526— AiBCRODEs  BroRNM;  var  aukantii.  A.  Pupic  on  lenf. 
B.  Pupa  osMe.  O.  Diagram  of  pnpa  case.  D.  One  radlBtin); 
pHtcli  of  C.  E.  Margin  of  pupa  case.  F.  Vasiform  Orifice, 
operculum  and  Ungula  (liiaKrammatic).    (I,  M.  N.) 

fn  the  nymph  state  there  are  two  moults,  followed  by  a  moult  lead- 
ing to  the  pupa  stage,  i.e.,  there  are  in  all  the  following  instars  : — 

1st  instar,  active,  followed  by  1st  moult. 
2nd     „      scale-like,  followed  by  2nd  moult. 
3rd      „     scale-like,  followed  by  3rd  moult. 
Pupa  „     in  the  scale,  followed  by  4th  moult. 
Winged  imago. 
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There  are  only  small  changes  at  the  second  and  third  moults,  but  the 
insect  in  the  puparium  is  a  definite  pupal  form,  inactive,  with  wings, 
legs  and  antennee  being  formed  outside  the  body.  From  it  the  imago 
emerges,  with  fully  formed  rostrum  and  alimentary  system,  and  leadh an  active  life. 

A  great  deal  is  obscure  about  these  insects,  and  we  cannot  here  go 
into  further  detail.  Very  little  is  known  of  the  hibernation,  of  the  length 
of  life,  of  the  habits  of  the  imago,  etc  Peal  observed  that  the  nymphs 
were  parasitised  by  minute  Chalcids  and  they  are  fed  upon  by  beetle 
larvsD.    Fungi  also  attack  them  (e.q.,  Asrficnonia  and  SpJicprostilbc) 

Equally  little  is  recorded  as  to  the  destruction  caused  by  these 
forms.  The  Cane  Mealy  Wing  {Aleurodes  harodensis,  Mask.)  is  occasion- 

ally a  serious  })est  in  many  parts  of  India  ;  the  Pastor  Mealy  Wing  i** 

occasionally  destructive  ;  tobacco  is  attacked  by  a  distinct  species ; 

the  Mango  Mealy  Wing  is  sometimes  important,  as  is  a  black  species 

attacking  orange.  None  are  known  as  serious  pests  to  permanent  crops 

such  as  tea,  coffee,  etc  ,  and  none  are  likely  to  injure  quick-growing 
crops.  The  family  therefore  has  not  a  very  great  importance,  about 

equal  to  that  of  Vocadcp,  but  far  less  than  that  of  Aphdo',  if  we  consider 

Indian  Agriculture.  "  Black  Blight,  "  the  fungus  which  covers  the 

leaves  of  plants  on  which  "  honey-dew  "  has  fallen,  is  a  feature  also  of 
Aleurodid  attack,  and  is  confused  with  it. 

The  student  should  consult  the  "  Contributions  towards  a  Mono- 

graph of  the  Oriental  Aleurodidffi  "  by  H.  D.  Peal,  in  the  "Journal 

of  the  Asiatic  Society  of  Bengal,"  LXXII,  pp.  (51 -98  (1903).  It  was  his 
intention  to  have  described  other  species  including  those  mentioned 

here  as  attacking  castor,  mango  and  orange,  but  his  death  occurred 

when  the  work  was  in  progress. 

The  following  is  a  complete  list  of  the  recorded  Indian  species,  as 

given  in  his  Monograph. 

1.  Aleurodes  eugemce.  Mask.,  occurs  on  Eugenia  jambolana  in 

Poona.    (Ind.  Mus.  Notes,  IV,  52.) 

2.  A.  barodensts,  U&sik.,  on  C&ne.   (Ind.  Mus.  Notes,  IV,  143.) 

3.  A .  eugemcB  var  aurantii  on  orange  in  North-West  Himalayas. 

(Ind.  Mus.  Notes,  IV,  144.) 

4.  A.  cotesii,  Mask.,  on  rose,  Quetta    (Ind.  Mus.  Notes,  IV,  145.) 
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5.    A.  nuUlans,   Buckt.,   on   betel  (Piper  betel)  in  Baokerganj. 

(Ind.  Mus.  Notes,  V,  Sfi.) 

().    A.  piperis,  Mask.,    Ceylon.    (Trans.   N.   Z.  Inst.,  XXVIII, 

p.  438,  1895.) 

7.    A.  religiosa,  Peal.  (Journ.  As.  Soc,  Bengal,  LXXII,  p.  (i7. 
1903),  on  Pipal  and  Banyan  in  Calcutta. 

8     A.  bengolensis,  Peal.  (loc.  cit.). 

9.    A.  Alcocki,   Peal.,   on  banyan,    Calcutta    and     (^hamparan 
(loc.  cit.). 

10.  A.  quaintancei.  Peal.,  on  Pipal  (Finis  religiosa),  Calcutta. 

11.  A.  Simula,  Peal.,  on  the  Silk  Cotton  Tree  (Bombax  malahari- 
rum),  in  Calcutta  (loc.  cit.). 

12.  A.  bambusa.  Peal.,  on  bamboos,  Calcutta  (loc.  cit.). 

1.3.    A.  Ijeakii,     Peal.,    on     indigo,     Dalsingh      Serai,     Tirhut 

(loc.  cit.). 

14.  A.  hoycB,  Peal.,  on  Hoya  in  Calcutta  (loc.  cit,). 

Aleurodes  bergi.  Sign.,  has  since  been  found  and  reared  upon  sugar- 
cane in  Behar,  and  other  species  occur  on  castor,  mango  and  tobacco. 

A  full  account  of  the  first  has  been  published  by  Zehntner  (Arch.  Java 

Suiker-industrie,  14,  p.  9.39  [1896],  with  coloured  figures).  Figures  of 
the  undescribed  species  occurring  on  castor  in  India  will  be  found  on 
Plate  LXXXl. 

CoccipjE. — Mealy  bugs  and  Scale  injects. 

Male  mnged,  idth  one  pair  of  mngs.    Female  wingless.    Usually  small 
insects,  living  motionless  on  plants  and  concealed  or  protected  by  a 

covering.    Tarsus  one-jointed  with  a  single  daw. 

Scale  insects,  while  rarely  attaining  very  small  dimensions,  form  part 

of  the  great  number  of  insects  that  are  sufficiently  small  to  escape  general 

attention.  Many  are  not  more  than  one-twentieth  of  an  inch  in  diameter. 
Others  are  distinctly  larger,  of  the  size  of  a  pea,  while  a  few  of  the  largest 

Indian  forms  have  a  length  of  one-half  and  even  two-thirds  of  an  inch. 
None  can  rank  among  the  large  insects,  whilst  the  giants  of  the  family 

(Monophlebus,  Wdkeriana,  Lecanium  imbrtcam,  etc.)  are  conspicuow. 
only  when  abundant, 





PLATE    LXXXII  — COCCID.E. 

Fig.    1.  Pulvtiinria  psidii  temaie  and  oviaeuo      (Enlarged). 

2.  Dactylopius  citri  female  and  ovisac.      (Enlarged). 
3.  Dia»2>is  bnrberi. 4. 

latrya  legyptiaca  Females.     (Bnlarged). 

6.  J 

(Plate  painted  by  Mrs.  S.  Wyse.) 
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Practically  all  are  clothed  in  some  form  of  covering,  or  bear  large masses  of  material  of  their  own  production.    The  winged  males  are  cov- 

Plg.   527— YOUNO   AND  FUMALRS,   LFCAMUM 
KIURUM.       X   3. 

ered  only  in  a  thin  powdering  of  wax,  as  are  a  few  of  the  females.  Many 
have  a  thicker  coat  of  mealy  material  (Monophlebus,  Icerifa,  Pseudococcus, 
etc).  ;  the  bamboo  scale  (Asterolecamum)  has  a  glassy  covering  ;  the  lac 
insects  (Tachardia)  produce  an  abundant  covering  of  resinous  matter; 
the  wax  scales  {Ceroplastes)  are  enclosed  in  dense  wax  in  plates ;  the  shield 
scales,  Lecamum,  have  a  thickened  dorsal  surface,  without  wax ;  and  a 

Pig.  628— LKCANIVM  WaTTI  (LBFT)  and  EBIOOHIION  THBiS— Ventral    {Afttr  Qi«m.) 

large  number  {Diaspia,  Aafiiiatua,  etc.)  have  a  scaly  covering  formed  of 

felted  threads  and  cast  skins.    The  colour  of  this  covering  is  often  white 

or  grey,  rarely  brightly  coloured  or  noticeable ;  the  insect  within  is  usually 

III,  ^ 
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brightly  coloured,  the  colouring  matter  in  the  tissues  showing  throug  h 

the  skin.  In  such  small  insects,  colour  schemes  appear  to  be  of  little 

importance  though  a  few  are  cryj)tically  coloured.  In  all,  the  females 

and  males  are  sharply  difEerentiated,  the  former  inactive  and  wingless  ; 

the  latter  small,  active  and  winged.  In  their  first  two  stages  they  are 

indistinguishable,  the  structure  being  similar  throughout  the  group  (see 

Plate  LXXXIII)  The  young  are  oval,  flattened,  with  legs,  antennae  and 

eyes  ;  the  form  changes  at  the  first  moult,  the  body  becoming  flattened 

and  adapted  to  the  parasitic  life  on  the  plant.  Antennae,  eyes  and  legs 

are  no  longer  to  be  found  in  many  inactive  species,  the  mealy  bugs  and 

some  active  species  retaining  them.  The  female  normally  passes  through 
three  moults  with  small  changes ;  the  male  after  the  second  moult  either 

gradually  or  immediately  becomes  a  pupa  ;  wing  pads  are  slowly  formed 

and  the  resting  stage  is  entered  on  some  days  after  the  second  moult.  It 

is  thus  not  a  true  pupa,  but  rather  a  resting  nymph.  The  degree  of 

degeneration  varies  with  the  species  and  the  adult  pregnant  female  is 

commonly  a  sac,  firmly  fixed  to  the  plant  by  means  of  the  suctorial  ap- 

paratus The  ana!  opening  is  on  the  dorsal  surface,  the  genital  opening  on 

the  ventral.  The  spiracles  are  reduced  to  two  pairs,  on  the  lower  surface, 

at  the  termination  of  air  spaces  that  lead  to  the  edge  of  the  body ;  in 

some  there  are  special  spiracular  processes  which  bear  the  spiracle  at  the 

outside  of  the  covering.  The  mouthparts  consist  of  the  short  beak-Hke 

rostrum  from  which  fine  suctorial  threads  arise.  In  the  winged  male  the 

antenna'  are  long  and  many  jointed ;  the  eyes  large ;  the  body  elongated 
and  formed  as  in  flying  insects.  The  wings  are  narrow,  with  few  veins , 

the  second  pair  of  wings  is  reduced  to  a  hooked  process  which 

engages  with  the  edge  of  the  wing.  At  the  end  of  the  abdomen  are 

frequently  long  many  jointed  cerci,  one  pair  in  some  species,  several 

pairs  in  a  few  (Monophlebus) ;  the  penis  is  often  conspicuous  and  ex- 
serted.    The  mouthparts  are  absent  and  in  their  place  is  a  pair  of  eyes. 

In  many  species  of  Coccido'  reproduction  is  apparently  similar  to 

that  of  other  insects.  In  a  Jarge  number,  however,  we  find  that  parthe- 

nogenesis is  apparently  general,  the  colonies  consisting  of  females  only, 

males  not  being  commonly  found  and  possibly  occurring  only  at 

intervals.  Very  little  is  known  accurately  of  such  cases  ;  the  females 

produce  enormous  numbers  of  eggs  and  these  eggs  all  hatch  to  females, 

which  in  turn  produce  female  eggs  parthenogenetically. 
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In  other  species  males  are  abundant,  often   far  more  so  than  the 

females.    Eggs  remain  for  a  longer  or  shorter  time   before  hatching. 

FlK.  •'l2(l— iNnUHiA  KnALVAFA  Kkmalk     xA     Mai.i 

PliPAHHiM   V.  l.'i.     ̂ Aflri  Ihmn.) 

In  Lecatiiion  vinde,  they  hatch  at  once  ;  in  Leranimn  hnninpharirum, 

they  remain  in  the  scale  for  several  months  and  then  hatching, 

development  and  reproduction  goes  on  rapidly  for  several  generations. 

Other  Rj)ecies  probably  have  seasons  of  rest  and  activity  but  these 
are  not  known. 

The  food  of  Cocnda'  is  the  sap  of  plants,  extracted  from  the  tissues 
by  the  long  suctorial  threads.  In  a  few  cases,  the  presence  of  the  coccid 

is  shown  by  a  swelling  of  the  plant  tissues,  as  if  an  irritant  had  been 

injected  by  the  insect  and  a  gall  formed.  In  the  case  of  Dactylopiug 

nipce  on  Cotton  and  Mulberry,  the  shoots  are  twisted  and  deformed, 

forming  knots  and  loops  in  which  the  insects  live.  A  subject  deserving 

of  investigation  is  the  relation  of  the  plant  and  its  parasitic  scale  insect. 

There  is  much  circumstantial  evidence  for  the  belief  that  strong  and 

injurious  plants  are  less  attacked  and  more  rarely  infested  than  othe 

The  precise  means  by  which  the  plant  effects  this  is  unknown. 

Cocndcp  are  the  prey  of  a  very  large  number  of  insects.  The  most 

noticeable  are  the  Coccinellid  beetles  and  larvae,  many  of  which  feed 

exclusively  upon  Cocnda.  Lace  wing  flies  (HemerohitdcB)  also  attack 

Cocnda  ;  the  larva  of  a  small  acalyptrate  fly  feeds  upon  the  masses 

of  eggs  laid  by  mealy  bugs.  The  larva?  of  Sfolqia  epiua  (Lycsenide), 
as  of  Eublemma  (Noctuidw)  and  of  several  Tineidw  feed  upon  mealy 

bugs  and  scale  insects.  Parasites  are  abundant,  principally  Chidndce. 

In  addition,  fungoid  diseases  are  very  prevalent  iu  damp  places  and  an 
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enormous  destrurtion  may  result  if  the  conditions  remain  favourable  to 

the  spread  of  fungoid  disease.  With  all  these  foes,  one  may  imagine  that 

even  the  enormous  reproductive  powers  of  this  group  are  called  upon 

to  maintain  their  numbers  and  the  curious  way  in  which  species  become 

abundant  in  a  locality  and  then  disappear  would  be  fully  explained 

if  we  could  observe  the  working  of  these  enemies.  Ants  are  not  destruc- 

tive to  Coccids  as  is  so  frequently  believed,  but  visit  them  to  obtain  their 

sweet  excretion  or  to  strip  them  of  their  mealy  covering  ;  in  many  cabes 

ants  build  shelters  for  them,  care  for  them,  carry  them  about  and  treat 

them  just  as  man  does  his  domestic  animals. 

Few  species  are  really  destructive  in  Ind'a  at  the  present  time  and 

the  family  has  not  the  same  importance  it  has  elsewhere.  It  is  chiefly 
to  permanent  crops  such 
as  tea,  coffee,  cacao,  fruit, 

that  these  pests  are  injuri- 
ous in  other  countries,  and 

in  India,  the  green  bug 

(Lecanium  viride),  the  brown 

bug  (Lecamum  hemisphmri- 
cum)  and  the  Mealy  bug 

(Dactylopius  citri)  are  in- 
jurious to  coffee,  while  a 

number  of  species  occur  on, 

but  are  not  injurious  to, 

tea  Monophlehus  has  been 

known  to  do  damage  to 

mango,  jack  and  similar 
trees  but  this  is  a  one-brood- 

ed species  and  is  injurious 

only  once  every  few  years. 

As'pidiotus  aurrmfii  on 

orange,  the  bpecies  attack- 

ing sugar-cane  {Dactylopius  sacchari,  Bipersia  sacchari,  Aderda  japon- 

ica),  one  species  found  on  rice  (Ripersia  sacchari),  and  the  potato 

Mealy  bug  (Dactylopim  nipce)  are  the  sole  recorded  cases  of  any 

iinportance.    (See  Mem.  Agric.  Dept.,  India,  II,  No.  7.) 

Fig.  580— CHiONAgpn  THB.S.    Male  and  Fbmalb 
-    Bcalei  on  leaf  j     Female   (above),    male    (belov) 

scale,  all  magnifled.    (I.  M.  N.) 
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Coccids  are  abundant  in  all  j)arts  of  the  globe  witli  thoiv  maximum 
devclojtnient  in  tropical  and  sub-tropical  rcgioiiH.  They  have  been 
ni)read  on  living  plants  and  many  species  have  a  wide  distribution. 
Tn  many  cases  it  is  possible  to  clearly  separate  the  indigenous  aJid  the 
introduced  species  and  the  spread  of  species  now  confined  to  their 

natural  habitat  will  continue  unless  precautions  are  universally  taken 
to  prevent  it.  Of  the  107  known  Indian  species,  twenty-iour  are  widely 

scattered  and,  though  })ossibly  originating  in  India,  are  more  likely 
to  have  been  introduced.  Nine  are  doubtful  and  the  remainder  (74) 

are  almost  certainly  indigenous  and  the  number  of  indigenous  sjiecies 

that  remains  to  be  discovered  is  probably  a  large  one.  In  India,  these 

insects  occur  jfenerally,  the  greater  number  of  indigenous  species  living 
on  the  diverse  vegetation  of  the  hill  forests. 

The  literature  of  Indian  species  will  be  found  in  Indian  Museum 

Notes  (Vol.  V),  and  in  the  Memoirsof  the  Agricultural  Department  (Vols. 

1  and  II).  In  Vol.  11,  No.  2,  (Jreen  lists  the  known  Indian  s))ecies  with  a 

number  of  new  species,  and  the  life-histories  and  food-plants  are  summa- 
rised in  a  later  Memoir,  Vol.  II,  No.  7.  The  volumes  on  Coccida' of 

Ceylon  by  K.  E.  Green  should  be  consulted,  as  many  Indian  species  are 

there  discussed  and  beautifully  figured.  The  student  of  the  literature  of 

economic  (\)ccida'  outside  India  will  find  that  the  generic  names  are  now 

extremely  confu.sed,  owing  to  the  substitution  in  Kernald's  Catalogue 
oi  Pseudococcun  for  Dactjfhpiits,  Coccus  for  Lccanium.  LciiiduHaphi-ii  fur 

MiftllaspiK  and  Dactiflofim  for  Coccw.  We  retain  the  old  names 

(as  Green  has)  and  our  Li'canium  is  the  modern  (Uurufi  a.ud  mr  CwruH  is 

the  modern  Dacttjhpim.  No  useful  puri)08e  has  been  gained  by  trans- 

ferring generic  names,  but  American  and  European  Entomologists  have 

in  part  or  wholly  adopted  the  changes,  and  the  student  must  bear  this 

very  clearly  in  mind. 

Eight  sub-families  are  represented  in  India,  the  Ortheziirue,  Idmcoc,' 

cinw  and  BrachyHcdince  not  being  known  to  occur.  The  total  recorded 

species  is  107,  MonophleUnw  14,  Asterolecaniincp  4,  Eriocoacina  2,  Dady- 

lopiinm  IC,  Tmhardiinai  4,  Coccina  1,  Lecaniinw  /lO,  IHaspincB  35. 

The  Monophlebina  are  marked  by  the  compound  eyes  of  the  males 

and  the  absence  of  the  setiferous  ring  in  the  females.  Monophkbus  is 

represented  by  seven  doubtfully  distinct  species.  Both  sexes  grow  to  a 

great  size  (for  this  family),  the  females  as  much  as  two-thirds  of  an  inch. 





PLATE   LXXXIII.— Tachardia  Lacca 
Lao. 

Fig    1.  Healthy  inseots  on  stick. 
2.  Uuhenlthy    „        „ 

3.  First  instar,  active  stage,     x  40. 

4.  Female,    4  weeks  after  inoculation,     x  35. 

5.  „        13  „  „  X  15. 

6.  Dead  feraale  oeil,  witli  young  emerging,     x  4, 
7.  Male  cell,  l.S  weekd  after  inoculation,     x  15. 

8  Wingless  male      x  12. 

9.  Winged  male      x  40, 
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The  life-history  of  one  species  is  fully  described  (Mem.  Agric.  Dept.,  India, 
Entom.  II,  7),  and  all  Indian  species  probably  have  a  similar  one.  The 

young  of  both  sexes  appear  during  the  cold  weather  and  climb  up  bushes 

to  feed.  They  moult  as  usual  and  the  male  in  March,  after  the  penulti- 
mate moult,  struggles  away  into  a  corner  and  secretes  a  cloudy  cocoon 

round  itself ;  the  legs  and  wings  pads  then  appear  and  it  becomes  a 
pupa.  The  male  emerges  in  early  April  and  for  a  time  is  one  of  the 
abundant  insects  flying  freely.  (Plate  LXXXIV.)  The  females  are 

by  this  time  entering  the  last  instar  and  are  fertilised  now.  They  feed 
chiefly  on  the  ends  of  branches  of  trees  or  on  the  stalks  of  such  fruits  as 

mango  and  jack.  They  grow  to  a  very  large  size,  flat  active  bugs  clothed 

uniformly  in  mealy  white  wax.  When  full-grown  they  descend  the 
tree  and,  when  this  is  occurring,  they  are  a  very  noticeable  sight.  In 
a  week  all  have  gone  ;  actually  each  creeps  away  into  hiding  and 
lays  eggs  ;  the  eggs  lie  there  till  November  and  then  hatch.  The 

curious  life-history,  the  large  size  and,  above  all,  their  really  extra- 
ordinary  disappearance   make   this   a  very  notable    insect. 

Icerya  wgypticKia,  Dougl.,  is  common  oncroton  (Plate  LXXXII)  and 

the  life-history  of  7.  minor,  Gr.,  is  fully  described  (loc.  cit.).  Newstead 

has  described  1.  formicarium  from  ants'  nests.  Walkeriana  cinerea, 
6r.,  is  a  large  solid  insect  found  upon  babul  (Acacia  arabica)  and  mendhi 
(Lawsonia  aiba).  The  young  are  provided  with  very  long  hairs  and  float 
in  the  breeze  like  thistle-down.  Of  the  Asterolecannnw,  Asterolecanium 
includes  A.  miliaris,  Boisd.,  var  rolmsta,  Gr.,  found  in  immense  profusion 

on  bamboo  in  Behar  ;  the  little  pear-shaped  scales  are  not  easily  seen, 
fixed  tightly  to  the  bamboo  and  not  differing  from  it  in  colour. 
Cerococcus  MMsci,  Green,  is  a  beautiful  scale  found  upon  cotton, 

hibiscus,  etc.  It  is  widespread  in  India  ;  Chdhid  parasites  keep  it 

in  check.    The  Eriococcince  include  only  two  species  found  in  the  hills. 

The  DadyhpiintB  are  the  "  mealy  bugs  "  proper,  the  genera  Dacty- 
hpifis  and  Pkenacoceus  containing  our  common  species.  There  is  a  defi- 

nite Eietiferous  ring  and  the  aljfiomen  is  not  cleft  behind.  The  life-history 
of  D.  saccharifoUi  is  described  fully  (loc.  cit.):  D.  ci<n,  Risso.  (Plate 
LXXXII),  is  world  wide,  and  is  in  Coorg  injurious  to  the  roots  of 
young  coffee  plants.  D.  nipts,  Mask.,  is  known  on  stored  potatoes  and 
on  cotton,  hibiscus,  etc.  D.  aacchari,  Ckll.,  lives  on  cane  below  the 

sdeathing  leaves.    D.  virgatus,   Ckll.,  is  common  on  Acalypha,  violet 
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and   other  garden  plants.    Ripcrsla  mcrliuri.   (ir  .    lives    on  cane,  an 

also  on  rice  and  on  grasses.    Phenacovcus  inmhtHs,  (Jr.,  has  been  found 

abundantly  upon  barlar  {Sldarotdt- 
folia).  Antomna  nidicu.  Oreeii  (fi(^. 

•VJ7),  iw  enclosed  in  a  elose  felted  sae, 

(|uite  separate  from  the  body  :  it  is 
lound  on  grasse.s 

The  TafhardniKV  include  the  hic 

insects,  oi  which  Tachardia  hicra. 

Kerr.  (Plate  lAXXIll),  is  the  mo.st 

important,  T.  ̂ V/,(Jr.,  and  T.  all.izziw, 

Or.,  also  yieldiiifi;  lac  on  a  commercial 
scale,  it  IS  by  no  means  clear  which 

lac  IS  really  T.  lorra  or  how  tiiaiiv 

hpecies  there  really  are.  There  is  a 

considerable  mass  of  literature  on  the 

lac  in.sects  but  no  really  good  account 

has  yet  been  published.  (A  .1.  1  , 

Vol.  IV,  No.  :i  )  Oi  the  CorruKr  the 

Cochineal  iiLsect  oi  comuierce  is  TwcfM 

raiii,  said  to  have  l>eeii  introduced 

into  South  India.  ' '.  indinm,  (Jreen, 

has  been  found  on  OpuiUia  by  1.  H. 

Burkill. 

The  Lccatinwv  hav."  the  body  cleft 

behind  and  the  anal  orifi-  e  closed  by 

a  pair  of  triangular  plates.  Three  im
portant  genera  are  indude.l  . 

Lecanium  has  no  distinct  covering  but  a
  hardened  integument :  no  ovisac 

is  formed:  Puhlnaria  in  similar  but  a  w
hite  ovisac  is  formed  (I  late 

LXXXTI,fig.  1  );  Ceroplastes  is  cover
ed  in  solid  wax,  usual  y  arranged 

in  plates.  Lecaniu,.  hen.spkc,nrmn.  
T.  T.,  is  the  brown  scale  of  coiiee, 

L.  Iride,  Gr.,  is  the  green  scale  of  coff
ee.  The  former  ,s  .-ommon  on  guava 

in  other  parts  of  Irxdia  /.  he.pnida.
,  Linn.,  is  the  soft  scale  found  in 

the  leaf-nests  of  the  red  tree-mt  (O
reophylla  >,rnaragd^na).  Lrnyrun, 

Nietu.,  is  found  on  eotton,  hibiscus
.  eU:  Pulv,nar>a  p.,dn,  Mask 

(Plate  LXXXIl),  is  tlie  Green  M
ealy  Scale  which  infess  trees  use

d  as 

hade  for  Coffee  in  South  India.   C
eropla^i.,  the  wax-scale,  is  represe

nted 

KiK.    531--ANTONINA     INDIOA      1'KM 
ALES  on  grttna  Htuni.  The  riBlU- 
hand  insect  is  cxtriuJinB  a  ilioj)  of 

liquid.     X  .S.    (F.  M.  H.) 
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commonly  by  C.  floridensis,  Comst.,  on  guava.    The  wax  of  C.  ceriferm, 

Anders.,  has  been  used  in  India  as  medicine,  etc.  (Ind.  Mus.  Notes,  II, 
No.  ;$.) 

The  Diaspinw  are   marked  by  the  pygidium,  a  complex  terminal 

segment  with  the  anal  orifice  above  and  the  genital  orifice  below,  with 

Fig.    5,12— CHIONAhPIS  hKI-AKATA,   FEMALB  AND   PlTARITTM. 

{A/fer  (h'eeii  ) 

wax  glands  grouped  around  both,  and  on  the  margin,  a  complicated 

series  of  spines  and  processes.  The  identification  of  species  is  rendered 

possible  by  the  pygidium. 

The  covering  of  the  female  consists  of  the  first  small  exuvium  (pel- 

licle), to  which  is  added  the  second  exuvium  (pellicle)  and  in  most  cases 

a  large  felted  scale  (secretionary  supplement)  ;  in  the  male  there  is  the 

first  pellicle  and  a  felted  scale.  Our  genera  can  be  distinguished  by  the 

characters  of  these  scales  more  or  less  clearly  as  follows : — 

Asjiidiotus. 
Mytilaspis. 
Parlatoria. 

Aonidia. 

Diaspis. 
Chionaspis. 
Fiorinia. 

Male  and  female  puparium  similar,  subcircular. 
Male  and  female  puparium  similar,  elongate. 

Male  and  female  puparium  similar,  broadly  oval. 
Male  andjemale  puparium  similar,  subcircular. 

Female  puparium   composed   of  second  pellicle,   no 
secretionary  supplement. 

Female  puparium  subcircular,  male  elongate. 

Female  puparium  elongate  or  pyriform.  Male  elongate 
Female  puparium  with  no  secretionary  supplement. 
Male  elongate. 
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Aspidiotus  auratUii,  Mask.,  is  the  red  Scale  of  Orange,  a  world-wide 
species  growing  on  cultivated  citrus.    A.  destructor,  Sign.,  is  frequently 

Fir.  WW— Fkmalk  AND  Malk   I'hi-akia    ok    Diaki'in.i.    1.    AhWliKirdh. 
2.    MVTILAMPIK.      3.      PaKLATOHIA.      4.      AONIIIIA.      6.    DiAM-IH. 

0       CUIONASI'IH.      7       KlOIIIMA. 

abundant  on  palms  and  on  mango.  A.  ficuis,  Ashni.,  is  the  black  St-aic  of 
the  Areca  palm.  Mytilaspis  piijerin,  Gr.,  was  found  on  croton  a1 

Calcutta,    and   by   Dr.  Barbor  on  cultivated   pepper  in  South   Indin, 

Fig.  SW-Ohionabpk  dkourvata.    Gkbrk.    Pvoiuium.    (I.  H.  K. 
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We  figure  Diaspis  Barberi,  Gr.  (Plate  LXXXIl,  fig.  3),  which  grows 

on  Loranthm  on  trees.  Chtonaspis  vitiis,  Gr.,  is  frequently  to  be 

seen  on  the  leaves  of  mango  trees  ;  two  species  of  Hemichionaspis, 

H.  fici,  (h.,  and  H.  minima,  Gr.,  infest  the  fig  trees  so  constantly 

grown  as  shade. 

Pediculid^. — (Anoplura)  Lice. 

WiTK/less  flattened  parasitic  bloodsucking  ivnects.  The  head  distinctly 

separated  from  the  thorax  ,•  the  three  segments  of  the  latter  fused  into 
one  mass.  The  proboscis  short,  not  folded  back  under  the  thorax.  The 

legs  stout,  generalh/  with  very  large  claws. 

Lice    are  common    parasites    of  men    and   mammals,   and   their 

characteristic  flattened  shape  and  big  claws  make  them  easily  recognised. 
It  is  possible  to  confuse  them  with 

the  non-blood-sucking  Mallophaga, 

as  a  few  species  of  the  latter  are  found 

on  mammals  though  they  are  mostly 

confined  to  birds.  The  Mallophaga 

differ  from  the  FedicifhdcF  in  having 

jaws  instead  of  a  proboscis,  and  in 

the  thoracic  segments  being  usually 

fairly  distinct  ;  as  a  rule  the  head 

is  relatively  much  larger  than  in 
Pedtcuhdce,  and  the  claws  smaller. 

Very  little  seems  to  be  known  about 

„.     ,„.    „  „.,„  the  life-history  of  Lice.    The  males 
Fig.  536-    HAMATOPIMIh  OF  BUFMLO.  •' 

are  generally  a  little  smaller  than  the 

females,  and  can  sometimes  be  distinguished  by  their  having  the  end  of  the 

abdomen  rounded  whereas  the  female  abdomen  is  often  divided  by  a 

median  notch  or  cleft.  They  are  very  prolific  and  probably  most  species 

will  be  found  to  pass  their  lives  on  the  body  of  their  host,  though  some  of 

them  apparently  do  not  do  so.  Three  species  infest  man,  and  are  common 

in  India.  These  are  Phthirius  mguinalis,  Leach,  the  crab-louse;  Pedi- 

cidus  capitis,  DoGeer.,  the  head-louse;  and  P.  vestimenti,  Burm.,  the 

body-louse.  Other  species  occur  on  horses,  cattle,  goats,  pigs,  camels, 

dogs,   etc. 
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Giebel   ("  Insecta  Epizoa ")  separates   the  Lice   into  four  jrcnera 
according  to  the  following  characters  : — 

A.  Antenna)  five-jointed. 

(1)  Thorax  not  sharply  separated  from  abdomen.    I'fitliiriun. 
(2)  Thorax  sharply  separated  from  abdomen. 

(a)  Thorax  almost  as  broad  as  abdomen  ..  Pfdirnlun. 

(h)  Thorax  a  good  deal  nrtrrower   than 

the  broad  abdomen  . .  . .  Ihrwatopntui 

B.  Antennae,  three-jointed  .  •  •  •  PcdmnuH. 

Of  these  four  genera  the  first  two  comprise  the  human  parasites. 

Pediculus  cafMis  ih  very  similar  to  P.  oentimcnti ;  the  latter  however  has 

antenna"  a  little  longer  than  in  P.  capitis,  and  tlie  second  antenna!  joint 

a  little  longer  than  the  others,  while  in  P.  capitis  all  the  antennal  joints  are 

about  the  same  length.  Species  of  the  genus  Pcdicmus  are  found  on 

monkeys,  while  in  this  classification  HcpnHUopinm  comi)rises  all
  tiie  hci> 

found  on  other  warm-blooded  animals.  The  Indian  s])ecies  of  this  last
 

genus  are  evidently  fairly  numerous,  but  they  have  not  bee.>  
worked  out 

The  interest  of  the  group  has  been  considerably  increased  by  the
 

discovery  that  Pediculi  may  act  as  carriers  of  a  fever-
producing 

[larasite.    (Mackie,  B.  M.  J.) 

The  most  recent  classification  by  Dalla  Torre  ((Je
nera  Insectcrum 

Fasc.  HI)  is  considerably  more  elaborate  than  (J
iebel's.    He  regards 

the  Anoplura  as  composed  of  four  faraiUes  dif
ferentiate.!  as  follows  :- 

J.     Legs  not  provided  with  clasping  claws  ; 

tibise  and  tarsi  slender,  the  latter  with- 

out any  thumb-hke    process.    Mouth 

at  the  extremity  of  a    long    tubular 

process. 

Antenna  .-pointed  ••  ••     Uo'mal.mnzidrP 

including  the  Indian  Elephant's  louse.  Um
natomijzm  dephantis. 

B.  Legs  with  clasping  claws,  tibi
a"  stout 

*  with  a  thumb-like  process.  Antenna- 

»  to  5-jointed.  Body  flattened.  A 

stigma  on  the  mesothorax  and  o
n 

abdominal  segments  3-8 — 

Eyes  large,  dark  and  prominent  . .    PeduvluUr. 

Eyes  obscure  or  absent  .-    ff«matop,md«. 
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C.  AntenniT  -l-r)- jointed.  Body  thick  and 

plutnp.  A  stigma  on  the  nieso-  and 
metathorax  and  on  abdominal  sogments 

2-8.  Head  wide,  no  eyes.  The  body 

sometimes  covered  with  thick  spines.    Echmophthinida'. 

Of  these  families,  the  PedicuUdffi  comprise  the  Hnh-iamilieti Pedinnino' 
and Ped)culincp,  the  latter  composed  of  the  gcnei a Pediculus  and  Phthirui, 

(Phlhmm),  Hcpmatopinidce  includes  sub-families  Hcematopmmce  (genus 

Hcemaiopinub),  Linognathmo'  {gennT&Polifplax,  Floplopleura,  Linognathus, 

Hwmodipsw  and  Solenopotes),  and  Euhcematopimnce  (genera  Enhcemalo- 

pmun  and  H^matopmoides).  EchinopfUhirndce  contams  three  aberrant 

genera  found  on  seals  and  walruses.  No  species  is  definitely  recorded 

by  Dalla  Torre  as  Indian.    (F.  M.  H.) 

V>g.  63tt-  Belosioma  and  a  Toad.    (R>  0.  Won  ) 
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Asun,    Tcrmiwdia. 
Avenn,    Oats. 
Avorrhna,    528. 

B. 

Babul,    Acacia. 
BhcI,    Mgle. 

Bfljra,    I'ennisetuw. 
Bair,    Zm/phus. 
Balsam,    389,469. 
Bamboo.    .316,  .377,  391,  409,  415,  431,  432,  520,  530,  728,  752.  758. 
Banyan,     Firm. 
Barley,    748. 
Bansia,    497. 
Bauhinia,    219,  5.37,  538,  739. 
Bmincasa,    747. 
Ber,    Zizyphus. 
Beta,    469. 
Betel,  Piper. 
Bhindi,    T1ihiscu.i. 
Bilimbi,    .irerrhoa. 
Blumea,    413,  447,  457,  461,  520,  537. 
Bombax,    378,  447,  535,  692,  752. 
Brassica,    Cabbage.    Mustard. 
Briiijal,    Solatium. 
Hutea,    .389,  427,  468,  500. 0. 

Cabbage,    418,  452,  519,  520,  5.38,  676. 
Cacao,    517. 

Cajmus,    2.30,  219,  3.')0,  427.  472,  527,  528, 530,  622.  683,  684,  731,  747. 
Calotropis,    84,  3,'i9,  377,  .385,  407,  408,  685,  747. 
Camellia,  Tea. 
Canna,    431. 
Vapparis,    417,   418. 
Carambola,    Averrhoa. 
Cardamom,    427. 
Carissa,    468. 
Carthamus,    447,  452,  747. 
Cassia,    418,  493.  509,  514, 531,  540,  727,  731. 
Castor,    415,  438,  452,  461,  498,  499,  500,  517,  533,  738,  752. 
Casuarina,    378. 
Cedrela,    614.  . 
Cedrus,    514. 
Celsia,    388,  528. 
Cholum,    Andropogon. 
Cicer,    350,463. 
Cinchona,    706. 
Cinnamomea,    743. 
Citrullus,    309,  345, 378, 452, 518, 528,  682. 
CUrus,    331,  378,  422, 426, 493,  632,  747,  751,  756,  760. 
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Ill  this  index,  cvory  pliiiit  occurs  uudor  the  generic  nnme,  in  itiilics.  iind 
under  familiar  eonimon  names,  English  or  Indian.  For  instance,  wheat 

occurs  under  "  Triticim"  and  "Wheat;"  Castor  under  "Castor,"  "Endi  " 
and  "  Jiirinus.  "  For  those  who  do  not  know  Phiglisli  or  Indian  names,  the generic  name  should  be  sought  ;  for  workers  in  India,  the  common  Kiiglish 
or  Indian  name  is  the  easiest  to  find,  if  there  is  one,  hut  noattempt  ismade 
to  list  the  niultifudinous  Indian  names  of  the  whole  contineiif.  The  .ndex 

IS  meant  to  assist  (1)  the  collector  who  finds  an  insect  on  mango  or  iier ; 
(2)  tke  scientist  outside  India,  who  wants  to  look  up  the  ins<'(ts  found  on 
Mangifera.  Both  aie  advised  also  to  consult  the  plant  index  ot  Indian 
Insect  Pests. A. 

Ahutilnn,  453,  456. 

Acncin.    317,  377,  411.  4(i().  461 ,  474,  497,  ."534,  530,  731 .  7.58. 
Achyranthcs,    538. 
Mgle,    331,  360,  42?.  733. 
Agathi,    Sesbania. 
Ak,    Calolrnpin. 
AUnzzin.    372.411,497. 
Alfalfii,    Lucerne. 
Alms,     732. 
Alstonia,     742. 
AUernanthern,    .520. 

AUfnicarpus,    427. 
A  maltas.    Cassia. 
Amarantus,    344,385,516. 
Amaryllis,    445. 
Ammannia,    361. 
Anacardium,    544. 

Andr'opoaon,    268,  344,  446,  448,  451,  461,  510,  516,  675,  706,  747. Anisomeles,    519,  537. 
Anona,    613. 

•Apple,    748. 
Araohis,    119,  331.  438,  634. 
Areca,    380. 
Argemone,    413. 
Arhar,    Cajamts. 
Aristolochia,    423. 

Artocarpus,    461,  756. 
Arjua,    Termmalia, 
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Clerodendron,    537,  (i93. 
Cofoanut,    256,  390. 
Corns,    256,  390. 

Coffee,    84,  2'>(),  378,  380,  496,  675,  756. 
Vombretum,    474. 
Canvolmilus,    367. 
Corchorus,    Jute. 
Cardiff,    468. 
Coreopsis,    447. 
Com,    Miiize. 

Col  ton,  86,  296.  330,  380,  384.  388,  .38<).  150,  453,  45,5.  4,56,  5H,  517, 
534,  536,  537,  688,  691,  692.  733.  747.  758.  759. 

Cowpea,     Viqnn. 
Crinum,    255. 
Crotalarin,     128.  439.  452,  463,  515.  5:i<),  5H. 

Crotoii,    52'>,  761. 
Crotoii-oil  pliant.     148. 
Cryptolepis,    408. 
Cucumis,    309,  345,  362,  378.  438.  452,  518,  528,  632,  639. 
Cticurhltn,    309,  345,  362.  .378.  438,  452,  518,  528,  632,  685,  747. 

f'vrruma,    309.  132. 

CuHtai'd- Apple.    5! .3. 
Cyamopsis.    531. 
Cycns,    427. 
Cynodon     448. 

Dalbergia,    378,  387,  454,  457,  5;«),  534,  538,  539,  682,  732. 
Deodar,    Cedrus. 
Dhak,    Butea. 

DIdiptcra,    343. 
Dillcriia,    518. 
DioHcnrea,    355. 

Diospyros,     743. 
Dolichos,    350,  467,  672,  684. 
Dref/ea,    408. 
Duhh,     Cffnodon. 

Elettnria,    427. 
Eleusine,    461,  610. 
Endi,    fWcinus. 

Jirvum,    ;i50. 
Erythrina,    471,  518,  682. 
Eugenia,    450,  498,  751. 
Euphorbia,    452.  512,  687. 

Fenugreek,    520. 
Feronia,    531. 

B. 
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Ficuf,    174,  175,  378,  388,  408,  411,  412,  415,  447,  449,  454,  46(),  461, 
474,  484,  518,  533,  538,  54<),  725,  727,  742,  752,  762. 

FlacDurtia,    415. 
O. 

Garuga,    517,  743. 
Geranium,    453. 
Ginger,    432. 
Glycine,    45().  517, 
GmeUna,    449. 
GoKxypium,    Cotton. 
Gourd,    Ctticurbita. 
Gram,  Cwr. 
Grape  Vine,  359,  469,  517. 
(Jroundnut,  Arachis. 
Guar,  Vi/amopsis. 
(Juava,  331,  .378,  428,  452,  759,  760. 
(luinea  Grass,  Panicum. 
Guitotia.  447. 
Gular,  Ficun. 
Gurur,  Polypodium . H. 

HeUanthus,  519,  537. 
Heliotropium,  426. 
Heynea,  427. 
Hibiscus,  389,  415,  450,  456,  461,  517,  533,  684,  691,  692,  725,  747,  758, 

759. 
Holarrhena,  517. 
Hollyhock,  617. 
Hoya,    752. 

I. 

Indigo,  338,  426,  448,  451,  452,  457,  509,  743,  752. 
Ifomaa,  367,  386,  434,  448,  454,  467,  520. 

J. 

Jack-fruit,  461. 
Jainti,  419,  496. 
Jambora.  474. 
Jamun,  450,  498. 
Jasminum,  518. 
Jatropha,    673. 
Jhau,  Tamarix, 
Juar,  Andropogon. 
Juaticia,  413. 
Jute,  331,  387,  447,  453,  466,  672,  676 

K. 

Khair,  378,  411. 
Kicksia,  517. 
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Kulthin,  DoUchos. 
KuBumb,  Cnrthamus. 

L 
Laburnmn,  Vnssta. 
Lagprstrrptnia,  48<),  493. 
Lawsonin,    758. 
Lemon,  Citrus. 
Lentil,  /irvum. 
Lepidium,  519. 
Litfhi,  378,  3«i,  449,  454,  475,  493,  531. 
Lily,  445. 
Lijne,  (Ulnis. 
Linseed,  461. 
Loranthtis,  418,  461,  762. 
Luoerne,  KH    385,  427,  453,  517,  533.  675,  676,  748. 

M 

Mahogany,  514. 
Maize,  385,  446,  448,  472,  475,  510,  514,  516,  535,  675,  728 Malachrn,  453. 
Mangifera,  ManKo. 

^73r'74r752!'75?76S!'V62''  **^'  *'^'  ̂̂ ^'  ̂̂ ^'  ̂*'  '^'^'  ̂^'  '"*^' Marua,  Eleusine. 
Mfdicago,  Lucerne. 
Melilotus,  385,  676. 
Melon,  Cucurhita,  Cnrumis. 
Mimusops,  514. 
Mint,  452. 
Mohwa,  497. 
Mnringa,  520. 
Moms,  307. 
Moth,  Dolichos. 
Mulberry,  307. 
Mung,  517. 
Muaa,  390. 
Mustard,  165,  .S60,  538,  622,  676,  748 

N 

Nephelium,  Litchi,  500. 
Nerium,  408,  468,  475. 
Nicotiana,  Tobacco. 
Niger  Seed,  447. 

Oats,  434. 
Ocimum,  447,  517,  693, 
Oleander,  408,  468,  475. 
Opium,  544. 
Opuntia,  759. 
Ill  49 
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Orange,  Citrus. 
Oryza,  Rice. 
Oxdis,  426. 

P 

Paddy,  Rice. 
Pakur,  Ficua. 
Palas,  Bvtca. 

Palm,  266,  390,  431,  504,  635,  760. 

Panicum,  448,  461,  63t> 

Papavrr,  644. 
PaKsifora,  415. 
Passionflower,  415. 

Pea,  350,  453,  469,  622. 
Peach,  632. 
Poar,  3()0. 
Pemisetum,  264,  461,  610,  616. 

Penkipetes,  684. 
Pepper,  761. 

Phaseolus,  461,  455,  467,  517,  619,  636. 

Phoenix,  256,390,431,504. 

Phyllanthus,  452. 

Ph'ysalis,  444. 
Pigeon  Pea,  Cajnnus. 

Pipal,  Ficus. 

Piper,  706,  752,  761. 
Piswn,  Pea. 
Plantain,  390. 

Polygonum.  520. 

Poly  podium,  640. 
Pomegranate,  Punica. 

Poplar,  529,  748. 
Potato,  104,  460,  535,  756. 
Psidium,  Guavn. 
Psoralea,  422,  534,  538. 

Pumpkin,  Cucurhita. 
Punica,  428,  614. 

Quisqualis,  449,  462. R 

Radish,  747.  , 

Ricf87,fM,  256,258,  346.  361,364,396,  4(^    410   
 431   432    4^    448. 

450,  451,  455,  456,  471,  493, 511,  512, 516, 51
6,  636,  681,  639.  673.  678. 

737,  766. 
Bicinus,  Castor. 
Rivea,  457.  „^„  __, 

Rose,  219,  266,  461,  474,  497,  748,  751 
Rvbus,  436. 
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s 
Saccharum,  Sugarcane,  511. 
Safflower,  447,  452. 
Sal,  Shorea. 
Salix,  415. 
Salvadora,  419. 
Sandal,  378,  496. 
Sann,  Crotalana. 
Santalum,  378,  496. 
Schizandra,  52/0. 
Senji.  385. 
Semmum,  467,  520,  630. 
Sesbania,  388,  419,  496. 
Shorea,  378,  480,  497,  498. 
Sida,  413,  453,  456,  518,  759, 

Sij,  Eu-jiharhia. 
Simul,  378,  447,  635, 
Singhara,  362. 
Siris,  372. 
Sissu,  Dalbergia. 
Solatium,  104,  449,  457,  460,  513,  514,  518,  639,  693,  732, 
Soy-bean,  450,  517. 
Spinifex,  511. 
Spondias,  360. 
Stachytarpheta,  412. 
Strobilanthug,  387,  415. 
Sugarcane,  84,  119,  254,  3.59,  365,  385,  432,  448,  4fil   510,  511,  512,  51  I, 

687,  726,  727,  751,  7.52,  756. 
Sunflower,  119,,  519. 
Sweet-potato,  Ipomfra. 

T 

TaberncBtnontana,  518. 
Tamarind,  351,  411. 
Tamarix,  356,  534. 
Tea,  378,  395,  494,  503,  535,  536,  5.38,  541,  544,  627,  7(«,  738. 
Teak,  379,  458,  469,  495,  520. 
Tectona,  Teak. 
Terminalia,  387,  437,  449,  460,  461,  462,  480,  498,  500,  503,  538 
Thutihergia,  517. 
Til,  467,  520,  5.30. 
Tipari,  444. 
Tobacco,  84,  296,  444,  534,  687,  708,  7.53. 

•Toon,  514. 
Trapa,  362. 
Trewia,  538. 
TrichosarUhes,  380. 

Tri^oneUa,  520. 
Triticum,  Wheat. 
Tulsi,  517. 
Turmeric,  432,  544. 
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U 

Urjun.  Terminalia. 
V 

Val,  35(),  467. 

Vigna,  350,  427,  747. 
Vitis,  359,  361,  469,  517,  673. 

Waltheria,  453. 
Watermelon,  345,  452. 
Wheat,  119,448,  639,  748. 
Willow,  536. 

W 

z 
Zca,  Maize. 
Zingiber,  432. 
Zizyphus.  364,  377,  386,  427,  428,  459,  460,  461,  474,  480,  493,  497, 

533  540,  732,  733. 
Zornia,  413,  426,  427. 
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In  this  index,  two  main  objects  me  coiisiderod  ;  first  the  indexing;  of 

all  {iPiiortt,  so  thrtt  niiyoiip  gettinji  an  insect  identified  as  say  liinAymua 

coruiolor,  can  find  where  Dindymuii  should  1)0  placed  ;  second,  topics  dis- 

cussed in  any  detail,  such  as  "Sex"  or  'Silk  "  are  indexed,  so  that  the 
interlude  can  be  readily  found.  The  index  does  not  jro  beyond  this,  as 

tlio  book  is  pritiiarily  an  account  of  families  in  definite  order,  which  can  be 

readily  found,  and  the  possible  index  heads  turninjr  up  in  the  text  are  of  no 

importance.  Every  family,  sub-family  and  jjenus  is  indexed,  hut  only  for 
its  systematic  place  and  genera  mentioned  in  interludes  are  not  indexed. 
All  sub-families  have  been  omitted  in  cases  where  the  next  entry  on  the 

index  is  the  genus  from  which  the  sub-family  takes  its  name,  awl  hoth  have 

the  same  page  reference.  Thus  of  "Bostrychida',  313,"  "Bostrychina-  316," 
and  "BoRtrychus,  316,"  the  swond  has  been  struck  out.  All  references  are 
to  pajjes  if   in  Arabic  nunieralh,  to  plate  if  in  Roman  figures. 

Abidamii.  734. 
Abimirii,  41.5, 
AbrtpuN,  2!t4. 
Acffinis,  388. 

.Valyptrate MuHi'oidH,  (il."). .Vfiintliophorus,  372. 
AfanthiispiH,  70<) 
AranthalobuH ,   81. 
Acanthocori-i,  Ixxvi,   <i83. 
AuaiitholepiH,   231. 

AcantholipeH,  4.'54. 
AcanthoHoma,  079. 
AcanthopHyehe,  493. 
Acara,  fiOlt. 
Aeherontia,    4(17,    xl. 
Aohptidsp,  48. 

Aehilina",  72<1. 
Achroia,  50!). 

ApjcMliinffi,  47.'< AciHoma,  129. 
Aclerda.  76<i. 
Aclybea,  287. 
Acontia,  4S0,  xxxvii. 
Acrsinte,  415. 
Acrida,  812. 
Acridella,  832. 
Acridiidio.  47,  74. 
Acridiuiii,74,  86,  ii,  iii,  iv,  v. 

■i"IOClMC()pH.     .W?. 

\c  ouorKiff,  59.'). 
Ac  opH,  300. 
Ap  oiiyftiu'P.  447. 
.VcintvbiK.   8;{. 
AptiHN,   477.   478. 
Aculpata,   184. 

Adclina;,   .'540. 

Adpphaga.  2.37,  2.'>9. AdiKUra,  44.'>. 
AdorptuH,  2.'>4. 

AcdPH,  57.'». A'-dinw.  57.'>.  _ 
Ai'deotnyia,  57.5. 
Apgocpra.    440,    xxxiv. 
ApROHoma,   371. 
iflnietuH,  228. 
^olpHtheH.   .373. 
iEolothripidtt,   544. 
;f;thalochroii,  09. 
iEthaloptera,  1.19. 
i£thrioNtoma,  311. 

AgabuH,  275. 
Agarigtids,  439. 
Agathia,  475. 
Agathodeti,  518 
AgonoNoeliH,  Ixxiii.  (170. 

Agria,  «49. 
Agrilus,  331. 

Agriopbi)™,    .'fc'JO. Agromyza,  Ixvii. 
.Xgi'omyzidip,  021. 
AgrotiH,    445,   xxxiv. 
AKrypiiui*.  332.  334. 
AkidoproctU8,   111. 
AlauH.  333. 
AIpidpM,  38:>.  388. 

Aldncliia,  574. 
AleurodpK,  Ixxxi,   748. 
Alpurfididff,  748. 
Almdna,  299. 
Allppuln.  340,  xxi. 
AIlocotaHia,  Ixiii. 

Alpha-H.  438. 
Alphocoris,  Ixxii,  073. 
Althii,  4(«1. 
AluPitidK.  .'i20. 
Alydmie,  «83. AmathuHiine,    410. 

Amauropnpla,  073. 
AmbliHpa,  304. 
AmblyopuH,  303. 
AmblyrrhinuH,  385. 
Ambulyx.  408. 
Ammophila,  20S. 
AmphiRroHHUd,  295,  297. 

AmphipKocuft,  123. 
Ampules,  207. 
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Amaacta,  435,  438. 

Amynii,  448. 
Amyotea,  «7«. 
Anarampsis,  213,  534. 
Aiiaglymma,  203. 
AnaphpiH,  418. 
Anansia,  .534.  Ivi. 
Anaxandra,  070. 
Anoylolomia.   511. 
Anoyrona,  300. 
Andrallud.  (577. 
Andrena,  218. 
Anerastia,  512,  xlvii. 
Anisocheleomyia,  575. 
Anisodcrn,  364. 
AniHolnbis,  53. 

AniHops,  71<i. 
Anisoneura,  4S0. 
Anobium,  318. 
Anomala,  254,  xiv. 

Anopheles,  505 
Atioploonemis,  682. 
Anoplura,  762. 
Antestitt,  Ixxiii.  075. 
Anthoua,  472. 
Anthersea,  477,  xlii,  xliii. 
Anthia.  265. 
AnthiuuH,  342. 
Anthieidw,  .342, 
Anthoooridae,  705. 
Anthomyia,  <141. 
Anthomyiidse.  640. 
Anthophora,  217,  220,  xiii. 
Anthi'aointB,  597. 
Anthraooj)hoia,  258. 
AnthrenuH,  311,  xviii. 
Anthribidse,  379. 
Antioyra,  472. 
AntisaHtra,  520,  li. 
Antiloohus,  691. 
Ant-lions,  147. 
Anioniua,  759. 
Ants,  224. 
Aonidia,  760. 
Apanteles,  174,  180. 
Apatetica,  287. 
AphalorinsB,  743. 
Aphanus,  688. 
Aphelinus,  174. 
Aphidti),  743. 
Aphidius,  179. 
Aphioohseta,  Ixv,  609. 
Aphis,   180.  746. 
Aphnsus,  429. 
Aphodius,  290. 
AphrophorinBB,  733. 
Apidffi,  217. 
Apiooeridn,  600. 
Apiomerinffi,  701. 
Apion,  387. 
Apis,  209,  221. 
Af  istomyia,  677. 

'  Apobletus,  293. 

ApoderuH,  208,  387,  xxvii. 

Apogonia,  254. 
Apomocyna,  376,  xxv. 
Aporas,  199. 

Appias.  418. 
Appolonius,  688. 
Apteva,  43. 
Ai)terogyna,  186. 
Apterygida,   53. 
Aquatic  Ijinects,  131. 
Arachnomimus,  105. 
Aradidse,  692. 
ArjpeeruR,  380,  xxvii. 
Arbela.  493,  xlv. 
Arbelid*.  493. 
Arete,  453. 
Arctiidse,  434. 
Arctlin.TB.  437. 
Arotocoris,  673. 

Argma,  463,  xxxix. 
Argyramoeba,  Ixiii.  598. 
Arista,  547. 
Artemidorus,  688. 
ArthroceratintB.  592 
Aaava,  300. 
Ascalaphinso,  150. 
Ascalaphus,  151. 
AschistuH,  Ixxvi. 
Asclera,  343. 
Asilidse,  602. 
AsilintE,  604. 

Aflopinff,  676. 
Asupus,  677. 
AspidiotuK,  174,  760. 
Aspidolopha,  357. 
Aspidomorpha,  366. 
Aspiloooryphus,  687, 
AspongopuB,  Ixxiv,  678. 
Aschiza.  548. 

Aspistes,  587. 
Assmuthia,  45. 
Astata,  201,  x. 
Asteia,  624. 
Asteroleoanium,  758. 

Astyous.  384. 
Asura,  437. 
Atactogaster,  380. 
Atella,  415. 
Ateuchus,  248. 
Athalia,  165,  ix. 
Athyreus,  261. 
Atlas  Moth,  479. 
Atmetonychus,  384,  xxvii. 
AtraSiooerua,  327. 
Atraotomorpha,  79,  85, 
Atropos,   122. 
Attaous,  477,  xliv. 
AttagenuH,  311. 
Attelabus,  387. 
Attraction  to  light,  106. 
Audinetia,  Ixxiv,  677. 
Augasmus,  294. 
Aulaooohilus,  303. 

Aulaoophora,  352,  362, 
AulaouK,   181. 
Aularchos,  83. 
Aulis,  308,  Ixxxiv. 
Aulonogyrus,  281. 
Antocrates,  347. 
AzanUH,  429, 

AzygophlcpH,  49(). 

Babula,  493. 
Bacclia,  Ixv. 
Badamia,  431. 

Bagrada,  Ixxiii.  675. 
BalaninuH,  383,  388,  xx>ii 
Balioptcra,  Ixvii. 
Banksiella,  575. 
Baryrhynchus,  393. 
Basilianus,  243. 
Batooera,  368,  375. 
Bdellolarynx,  647. 
Bed-bugs,  702. Bees,  217. 

Beetles,  234. 
Belenois,  418. 
Belionota,  331. 

Belippa,  501,  xxviii, Belostomidee,   713. 
Belostoraa,  714,  764, 
Bembox,  183,  209. 
Berosus,  285. 
Bcrrcsa,  448. 

Berytidse,  685, Bibio,  587. 
Bibionidto,  686. 
Bidessus,  276. 
Binsitta,  535, 
Biston,  473. 

Biting  Musoidse,  645. 
Bittaous,  146, 

Blaps,  337,  xxi. Blastobasis,  536. 

Blastophaga,  176. 

Blatta,  -«0, BlattidsB,  47,  56,  181, 

Blepharooeridffl,  576. 
BlisBUS,  687.  688, 
Blister  beetles,  343, 
Blood-sucking  insects,  65( 

Blosyrus,  384. 
Blue-bottles,  645. 

Blues,  423. 
Boarmiinte,  474.  ' 
Bocchoris,  517. 
Bolbooeras,  251. 
Bolitophila,  584, 
Bombus,  221,  xiii. 
Bombycidse,  483. 
BombyliidtB,  597. 
BombyliuB,  Ixiii,   597. 

Bombyx,  484,  xxviii. 
BorboridtB,  621. 
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Boroliu,  440. 
BoRtriclio2MiB,  SIG. 
BoBlrichidK,  313. 
BostryohuH,  314,  3I(>. 
Bol-fficH,  «51. 
Boti'idereH,  298. 
Botyodos,  517. 
KruchinuK,  2lt.'). 
Brachraia,  533. 
BraoliyaspiHteH,  380. 
Brachyccru,  548. 
BrachyderiiiK ,  384. 
Bracly  dputera,  Ixvii,  ()2f). 

BrachygahttT,  28.">. 
Bradiypclta,  Ixxiii,  (174. 
Brachyplatys,  Ixxu,  Ii71. 
Brachyscelinic,  757. 
BrachytrypeH,  103. 
Bracon,  178. 
Bi'aconidw,  17S 
Brahmffia,  478,  490. 
BralimRida!  490. 
Bramina,  254. 
Braula,   H57. 
Braulidff,  057. 
Hrt'Uthia,  538. 
Breiilhidw,  392. 

BievirhynchuH,  .'575. 
Brixioides,  720. 
BruchuH,  348. 
Bruchida',  .148. 
Brumuh.  3U8. 

Burs,  005. 
Buprestida-,  328 
Butterflies.  397.  401. 
Buxia,  725. 
Byrrhidop,  311. 
Byri'liinuti,  312. 
Bythot4copiija',  730. 

Cacc'ophilua,  249. 
Caddis  flii-«,  157. 
Cftlatidra,  174,  390, 
Caligula,  477. 
CttliHcolis,  727. 
Callidulida,  .104. 
Callimenis,  320. 
CallipareiUH,  393, 
Calliphora,  043. 
CallirhipiH,  328. 
Callirbytis,  106. 
Cdlispa,  364. 
Calhtettix,  734. 
CallopUtria,  448. 
Callyna,  450. 
Calobata,  Ixvii.  031. 
Calochroa,  261. 
Caloclytus,  375. 
Caloooris,  706,  707. 
Calodexia,  Izriii. 
Calodromus,  393. 

Calopejil.i,  307,  xxiv. 
CaloNoniH,  205,  xvi. 
Calyniniia,  407. 
Calyptralc  MuNcoidh,  019, 041. 

Campodea,  43. 
Canipodcida',  43. 
Cainj)onoliiiB?,    230. 
Camponotus,  224,  225,  2;t;< 
Campsoslcmuh,  334. 
Camptosomc,   XtTy. 
Canipj'lotcs.  ,')()2. 
Caiitao,  Ixxii    072. 
Cant  hu  rid  01,  343 
Canthari-.,  344,  340. 
CatithcuoiiH,  Ixxiv,    077 
CanthydruN,  275. 
Caprinin,  517. 
CnpHida-,  705. 
CupBiiiR-,  707. 
Cn])yH,  085. Carabida*,  202. 
Carabuh,  205. 
Curadrina,  448. 

Cardi<)t)boruh,  3.'M. Carea,  450. 

CarpopbiluH,  29.'>. CaryoborUN,  351. 
CiiHKida,  307. 
CuNMidiiia>,  300. 
CastaliUH,  428. 
CalucmitbuH,  Ixxiv.  070. 
Catantopn,  85. 
CatuulafUH,  220,  229. 

Calepbia,  454,   xxviii. 
CatbarNiu.><,  249. 
CatophryxopH,  427,  \xxii. 
Catucalinie,  450. 
Calopsilia,   410,   418. 
C!aiira,  070. 

Cebrionida',    334. 
CVcidomyia,  Ix.  .ISO. 
Ofidomylida',  580. 
(VeidopHylla,   743, 
rclama,  430 
Collia,  574. 
CelyjihidK;,  (128 
CelypbuK,  Ixvii.  028. Centrotinse,  731. 
CentrofypuH,  731, 
Cephalomyia,  063. 
CopbonodeH,   408. 
Ccrambyeidffi,  308. 
Cerambycina-,  370. 
Ccratma,  202.  200.  220,  xiii. 
CerotitiH,  032. 
Ceratocombidte,  702. 
Ceratodenia,  267. 

CcratophylluB,  Ixxi,  059. 
Ceratophyus,  261. 
Ccratopogon,  Ixx,  562. 
Cerceris,  200. 
Cercidocerut,  381. 

(VrcotnicfUN,  711. 

Ctreoi.idtt-  732 Ccroyoji,  280 C'<'r«bateH,  303. 

CVrooofcuH,  758. 
CciojmbdHs  194. 
(Vroj)Ja8t('N,  7.19. 

Ccropbitina'.  580. 
(VropriH,  339,  xxi. 

(Vryx.  434,  "cxxiv. 
CVtIioHia.  4  '!> Ccloniiiia'.  250. 
Ccyloiuii.  748. 
Cli«pr(ii'ani))a.  409 
CbB'tucnoma,  301. 

Cba'lopiBtlicH,  251.  271 
CliuitophoniH,  747. 
Clinlcida',  172. 
Clialc'iN,  172,   177. ('bulla.  493. 

Chalna,  431, 
CbiiraxcK,  410, 
Chnrii'lca.  145. 
riiauliudcN,  144. 
Cbfirocbola,  712. 

('llcliNOC'lu'H,    'hi, ('boliinariuiu,  311. 
Cbiladch,  420. 
Cbilo.  172,  180,  510,  xlvii. 
Cbiloi'oriK,  074. 
CbiloconiH,  ;«)4,  305.  3(18. 
Cbiloloba.  258. 
ChilomeincH,  174,  3(l7,  wii. 
CbiutiRma,  437. 

ChionaMpiN,  7(iO. ("bifida,  307. 

Cliirunomida',  600. 
ChiruiiumuH,  Ix,  601. 
Cblaniynns  365. 
CblatnyH,  356 

ChIidaiiotinK>,  531 (ihloeniuH,  xvi. 
Chln'obora,  83. 
Chloridcn,  444.  xxviii, 
Chloridolum,  374. 

Cbloropidje.  020. 
ChlorcipK,  Ixvi,  020. 
CblumetiH,  450. 
Cbolcva.   287. 

ChonorepbaluK,  600. 
Choruityjmd,  82. 
C'hurtophila,  041. 
ChrotogonuM,  78,  7»,  85. 
ChryHnugine.  510 
ChiyHidie,  182. 
ChiyiilH,  183,  212. 
CbiyHochroa,  330. 
ChryHocoria.  Ixsii,  673. 
C!hryaoconopn,  675. 

Chryaogona,  183. 
Chryaomela,  360. 
ChryRomelidR,  361. 
Chtyaomelinc,  360. 
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Ohrysopa,  15-t. 
ChiysDps,  Ixii,  596. 
Ciradida?,  718. 
rioindela,  2o»,  2()l,xvi. 
Cicindplida!,  2fi9. 
Cimcx,  703. 
CimioidsB.  702. 
Cioidto,  313. 
OioniiB,  388. 
CirphiH,  44(>. 
("irrhochrista,  512. 
assites,  221,  34«. 
CiHtulidie.  33». 
(^iHtelii.  340. 

C'iMtelomorpha,  340. 
Cixiinw,  72j. 
Oladognutlius,   246. 
(laiiia.  4«8. 
Chmis.  308,  Ixxxi. 
ClaHsification,  10. 

C'lavigcrini,  288. 
ClaviRialla.  Ixxv,  083. 
C'leoninae.   385. 
CIpptina!,  183. 
Clcndw.  ,325. 

Cletomorpha,  Ixxvi.  <183. 
CletuM,   Ixxvi,  (183. 
Clctthara.  460. 
Clidoguatrincp,  (140. 
Winidiuin,  272. 
ClintfTia,  258. 
Clitca,  300. 
Clitollaria,  Ixi. 
Clitollarine,  501. 
Clivina,  2(KI. 
Clovia,  732. 

Clypeodytus.   275. 
elytra,  .360. 
Clytrinsf,  355, 
Clytus,  375. 
Cnaphalocroois,  510. 
Cobboldia.  663. 
CocoidsE,  752. 
(3oocinie,  750. 
Coocinella,  300. 
Oopoinellidie,  303. 
Cocoinellini,  ,306. 
Coccus,  769. 
OockroacheR,  6(i. 
Cocoon,  emergence    from. 

481. 
CoBciliuM,  123. 
Coelioxys.  220. 
CoBlostema,  369,  375. 
CoenoKia,  641. 
Colaspoides,  359. 
Colafiposoma,  359. 
ColaHpiH.  359. 
Coleoptera,  234. 
Coletis,  419. 
Colias,  418. 
CoUembola,  46. 
CoUetidK.  216. 

CoDetPs,'  217. 
Collyris,   261,  xvi. 
ColobaMpin,  357. 
ColobathriKtinep,  688. 
Colobicus,  298. 

Colpocephalum,  111. 
Coluocera,  298. 
Colydidre,  298. 
Oompsogene,  467. 
Coniopteryginte,  156. 
CoTiocepbaiuH,   06. 
Conopidre,  620. 
Conupomorpha,  537. 
Conops.  Ixv, 
ConorhinuH,  700. 

CopelatuH,  276. 
CophogrylluH,  104. 
(\>postigmct,   123. 

Coppers,   423. 
CopriM,  249. 
Copromorphinee,  536. 
Coptocephala,   368. 
Coptocycla,    367,   xxiv. 
roptoihiiia.   249. 
Coptohoma,  Ixxii,  672. 
Coptotettix.  81. 
Coranu-i,  701. 

Cordyluridte.  638. 
CordyluritiH!,  640. 
Coreidw,  679. 
Coreinse.  682. 
Corethra,  575. 
Corixa.  716. 
Corixids,  716. 

CorixogrylluH,  106. 
Coriziis,  Ixxvi,  684. 
Corticaria.  298. 

CorydaliH,    144. 
Corydia,  61. 
Corylophidse.  292. 
CoryneteH,  326. 
Corynodes,  3o9. 
CorythrodenJH,  271. 
Coatnophila,  453.  xxxvi. 
CoHmopolitaii  ItiMertH,  62. 
Cosmop^altria,  718. 
C'oHUiOMoarta,   7,34. 
Cossidec,  494. 
CoHBUH,  495. 

CoHByphodidie.  297. 
Co88yphodirm8,  27).  298. 
CuHiiyphuH,  339.  xxi. 
Crabro,  187,  209. 
OranJbuB,  510. 
CreatonotuH,  438, 
Cremastogaater,  226.  228. 
Creoboter,  69. 
CresoentiuH,  702. 
Ciickets.  97. 
Cricula,  177.477,481. 
CriooeriH,  354,  365. 
Criotettix,   81. 
Crooidolomia,    519. 

Crocisa,  220,  xiii. 
Crossocosinia,  651. 
Cruciferouh       Leat-miner, 622. 

Ciypsilhyrib,  539. 
Cryptinie.   178. 
Crypt  ooephaluB,    3.i6. 
Ciyptocerata.  709. 
Crypt ochaetum,  623. 
Ccyptophagidie,  302. 
Crypt ophlebia,  631,  xxviii. 
CiyptoHtomes,  363. 
Cryptorhynchus,   389. 
CtcnipoooriR,  713. 
Ctenopsylla,  Ixxi,  6.59. 
Cuokoo-waBpn.    182. 
Cuoujidte.   300. 
(Xicujus,  301. 
Cuculiinw,  447. 
Culex.  Ix.  574. 
Culicada,  674. 
Culioidte,  564. 
('urculionidee,  380. 
CuretiH.  429. 
Curtonolum,  624. 

Cyaiia.  437. 
CvaniriH,  429. 

r>bister,  273,  275. 
(.^rcliOH.  358. 
Cyclonotum.  286. 
Cyclopelta,  Ixxiv,  678. 
Cydopodia,  lxi\,  657. 
CycJorhapha.  64.5. 
C^'clorhapha   aNchiza.  610. 
C^ulorhapha   whizophora, 

614. 

Cydnocoris.  701. 
(5'dnus.  Ixxiii,  674. 
CyhiH,   386,  xxvi. 

Cymatopliorida".  469. 
(>min«>.  687. 
CymuN.  687. 
CynipidtB,  166. 
C^nomyia,  649. 

CyptuniH,  293. 
OyreatiH,   411. 
C^'rtacanthacriH,  79,  86,  vi. 

Cyrtidee,  595. 
C>rtotrachpluH.  391. 
Cyrtoxipha,   105. 

DaptylopiUK,   Ixxxii,  6*8, 

758. t)aouH,  Ixvi,  632. 
Dalader,  682. 
Danaia,  405.  406,  407,  503. 

Daphnis,  464,  468. Barthula,  732 
Dascillido?,  327. 
Daataroua,  298. 

Dasychira,  460,  zxxix. 
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DasypogoninH!,  «04. 
DasyBoM,  540. 
Deceptive  (Colouring.  90. 

])ojo«nin.   2.'>4. 
Deilephila,  4U8. 
Deiphobe,  07. 
Deliahi,  418. 
Dolphttx,  728 
Ueltoi'ephaluN,  738. 
Deltoiditiffi.  457. 
Deinodni'iis,   87. 
Demoiiax,  375. 

Uemolk'UN,  Ixviii. 

Deiidropellus.    2f).") 
l)c])ifHsaria,   .°>33. 
Deibina-,  72(i. 
Dciepleryx,   Ixxvi. 
Dermatmiih,  IHII. 
Ik-rtm-stidfe,  310. 
DermentPh.  3Iii 
Dcrocrania,  21)0. 
UeioluN.  373. 

Uei-o«plia?rm,  33!). 
DeHmidophorus,  .'Wf). 
Di'tvoidea,  574. 
Di'udonx,  42it. 
Ueuteroi'opuN,  528. 
DiacamniH.  228. 
Diaerisia,  437,  xxxv 
Diaciotriflia,   528. 
DiaphaneK.  323. 
Diaphoroeoris,  713. 
Diapromoipha.    357. 
DiaHemia,   520. 

DiatipiN,  Ixxxii.  7(K). 
l)ml)pIoceluH.  285. 
DidiocrcKiH,  517.  1. 

Dichopteia,  72."i. Dichrumia,  458. 
DicranocephaluH.  257. 
Dicraiioncus.   xvi. 
Dicronyohida;.  334 
DicronychuH,  334. 

Dictyophara,   208,   72.">. DieliH.  1U3. 
DieueliPK,  (180. 

Digama.  4(i3. 
Dilar,   153. 
Dilinia,  474. 
DilophuH,  .587. 
Dinarthrodes,   15il. 
Dinarthrella,    159. 
Dinarthrum,   159. 
DiNFUteH.   280. 
Dinidorinee,  «78. 
Dinoderus,  316. 
Dinomaelius,  K8R 
Dinoptenis,   288. 
Diopaids,  629. 
Diopaifi.    Ixvii. 
Diorthwi.  373. 
Diplatya.  51,  53. 
Diplonema,  558. 

DipNeudopHih,  159. 
Diptora,  545. 
Diradea,  491. 

DinphinvtUK,  707. 
DiHluniini,  370. 
DittopteniiH,  83. 
DixM.  670. 
Dixidae,  570. 
DoeophoruK,  111. 
Uodccatoma,   325 
Dodona,  415. 
Doliehodi'iintp,    229. 

UoJiehopudida-,  <H)(i. Doliema.  341,   xxi. 
DolichopuK,  006. 
Dolycoi'iH,  Ixxiii,  075 Doimoia,  354 
Uoi-puk,  245 

Doiylus.  220,  227 

DoryNtheiU'H,   371 DowiieHia.  364. 

Dragon  Hii'M.    125. 
I>rrpanida>,  504. 

DiepaiioeeruN.   2<''iO Diilma-.  323,  325. 
Di'omicidia,  2(il. 
iJroiiH,  720. 
DroHdphila.    Ixvi,  (>24 
DruHuphilida',   023. 
Uiyinidtp,  170. 
Dryiniih,   170. 
Uryomyza,  037. 
l)iyo])s,  313. 
IJulic'hiuN,  227,  083. 
Duiig-Rnllci'N.    24.5. 
DuomitUH,  496. 
Duration  o)   Life,   140. 

Dynastinii'.   2,55. 
DyHi'iitina,  51. 
DyHdercuK,  Ixxvii,  <I91,  701. 
Dysodia,  505. 
DvliHtidsp.  272. 

Eai'iaN,  180.  45*i.   xxxviii. 
EarwiKK,  49. 
Eblihia.  293. 

EchinophthiriidH?.   7(t4. 
Ectinohujtlia,   243. 
Ertopaocua,    123. 
Eftiiehodiinte,  700. 
EctrvohoteK,  700. 
Elachistiiiie,  630. 

Elachyptera,  627. 
ElaxmOHceliH,  726. 
ElaHmoHtethuK,  Ixxiv,  079. 
Elateridic.  332. 
EliH.  192. 
EllampuH,   18.3. 
Embia.  114. 
EmbiidiD,  112. 
Emenadia,  343,  xxi. 

KmcrKeiire    from    tho    on- 
coon,  481. 

Emeainv,  098. 

Empidae,  605. 
KmpididciuuH,  600. 
EmpnaacM,  738. 
Empuaa,  09, 
EntfomychidH-,  :)09. 
Endol,rieliina>,  515. 
EnitharcH,  710. 
KoKoarl)  .  734. 

Kpacroniia,   79,   8,3. 
EpliemeriHB<,  137. 
EpbcHtia,  512,  513. 
KphialtcH,  178. 

EphydridH".  025. 
Epibleminns  .h'to. KpibomiUH,  088. 
Epieupia.    491. 
Epici'oi-iH,  514. 
Kpiec'hniiiH,    294. 
ElxcniH,   293. 
Epilachnu.   308. 
EpipaNi'iiiiiiiF,  51.5. 
Epiplcmina',  491. 
EpiHcapha,  303. 
EpiNomuH,  384,  \x\  li, 
KpiMtictiu,  307. 
EpitheetiH,  ,535. 

EpyriH,  109. 
EiaNtriinjc.  455. 
Kreninins,   385. 
Eremoplana,  09. 
EretcH,  274,  275,  277. 
Ei'cl  niocpia,  .537. 
EreiinetiH,  ,540. 

ErgolJH,  41,5,   Yxxi. 
Eri,  479. Ei'it'tuN,  2IW. 

Eiwhitoii,  7,5.3. 
Eriocoucinc  757. 
EriKtaliH,  Ixv.  Oil. 

Erotylide,  3iri. 
Erntylinie.  303. 
ErllieHina,  Ixxii. 

Erycinidv,  415. 
Erygia,  464. 
ENtigrna,  498,  xli. 
EHtigmiHic,  438. 
Btiolla,  516. 
Eublcmnia,   450.  xxx\i, 

xxxvii. 
Eueelia,  5:10,  Iv, 
Euchciruh,  2,57. 
EuchrueuH,  183. 
Euchromia,  434,  xxxiv. 
Eucnemidc,  331. 

EucorynuH,  380. 
EucoHma,  630. 
Eudema,  xvi, 
EuhcmatopinuK,  764. 

Eulyea.  68. Eumsatttcinie,  82, 
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Eumplea,  475,  xll, 
Euraenort.  183,  187,  210,  x. 
Bumcuidic,  210. 
EumicruH,  287. 
Eumolpinep,  358. 
Eumorj)lius,  309. 
Ruplatyrhopalus,   21)7. 
Euplexopteru,  48. 
Euploxia,  447. 
Kuplnea,   407. 
Eufiuda,   354. 
Eupristina,   174. 
Euprootis,  401,  xxxix. 
Eupsalis,  393. 
Euptorote.  470. 
EupterotidsB,  470. 
Europs,  .300. 
Eurybrachyn,  725. 
Eurydema,  Ixxiv,  075. 
Euiyoda,  261, 
EuHarcoporis.  Ixxiii,  075. 
EuRCotia,  44H. 
Eusemia,  440. 
Eutelia,  449. 
Euthalia,   411,   xxx. 

Euxoa.  44.'). 
Euzophcra,  513,  xlviii. 
Evania,   180. 
EvfttiiidiB,  180. 

Everos  42'». 
BxelaitiK,  527,  liii. 
Exema,  358. 
Exoploetiini,  30(i. 
Exopl0^opa,  Ixiii. 
Exsula,   440. 
Eye-fly,   027. 

P 

Kaunal  zouos,  23. 
Filodes,  517. 
Fioriuia,  760. 
Flatinw,  727. 
Fleas,  657. 
Flies,  645. 
Flowers,  Insects  and,  222. 

R"lowor  insects,  28. 
Focillinee,  457. 
Food  and  Habitat,  27. 
Food,  Insects  as,  270. 
Foroipula,  53. 
Forfloula,  50. 
ForfioulidiB,  47,  49. 
Formicaleo,  149. 
Formioidee,  224. 
Formioomus,  342,  xxi. 
Freshwater  Insects,  33. 
Frontal  lunule,  647. 
Fruit-flies,  633. 
Fruit  insects,  28. 
XSdgoridK,  722. 
Fttlgorinn,  724. 

Oalerucella,   302,  xxii. 
Galenicina;,  360. 
Galcrucini,  361. 
Galgulido!,  709. 
Galleria,  509,  510. 
Gall  InseotH,  29. 
QftllobcllicuH,  708. 
GallN,  167. 
Gangara,  429. 
Uargara,  732. 
Oasteruption,   181. 
GaBtrophilus.  052. 
Gastroxides,  Kii. 
OelastorrhinuN,  82. 
Oelcohia,  180,  534. 
Geocorinse,  087. 
Geocoris,  088. 
Geomctrida;,  473. 
(JeoraetnnsB,  475. 
Ooomyzida;,  023. 
(Jooryssidse,  312. 
Gooryssus,  312. 
GeotomuH,  074. 
Geotrupes,  251. 
Geron,  598. 
Gerris.  095. 
Gestroiella,  713. 
Gibbium,  318. 
Qlenea,  370. 
Glenurus,  153. 
Globaria,  285. 
(Jlossina,  (V40. 
Glottula,  445. 

Glycyphana,  258. 
Glyphodes,  xxviii,  518. 
Gnathonous,  294. 
Gnorimosohema.  534. 
GonatopuR,  170. 
Gongylus,  65,  69,  70. 
GoniagnathuN,  738. 
Oonioootev,  111. 
Goniodos,  111. 
OoniogaNter,   174. 
Gonophora,  363. 
GoryteM,  208. 

Graber's  organ,  594. 
Grabhamia,   574. 
(irarilaria,  538. 
Gracilariinee,  537. 
Grammodes,  451. 
Graphosomatinte,  073, 
Graptostethus,  687. 
Grasshoppers,  74,  91, 
Greenia,  221. 
Gregariousneas,    183. 

Gryl'acrinte,  95. 
Gryllidw,  47,  97. 
Gryllinae,    102. 
Giyllodes,   104. 
GryllotaJpa,    100. 
Oryllus,   104. 

Oryncliarina,  300. 
Gyninogryllus,    104. 
Gymnopleurus,  248. 
Gynandrophthalma,  36Z 
Gyponinse,  737. 
Gyrinidffi,  280. 
Oyrinus,   281. 
Gyropus,   111. 

H, 

Habit,  Instinct  «iid,  2. 
Hadena,  446. 
HadrojiotUB,   169. 
Hffimatobia,  643. 
Hsematomyzus,  763. 
HsemalopinodeB,  763. 
UsmatopinuH,  Ixxx,  702. 
Heomatopota,   Ixii,   695. 
Ha>niodipHU8,  764. 
Heemonia,  354. 
Hairstreak"*,  423. 
HalaerituH,  294. 
Httlictus,  209,  218. 
Hahplidgj,  279. 
Haliplue,  279,   xvU 
Halobates,   095. 
Haltica,  361 ,  677. 
Halticus.  708. 

Halyomorpha,  Ixxiii. 
HalyH,  Ixxiii,  675. 
Hamniatorhina,  577. 
Ham  odes,  454. 

Hapftlochrus,  325. 
I-laploHonyx,  302. 
Harmatella,    324. 

Harpactor,  701. 
Harpalinte,  264. 
Hawkmoths,  464. 
Head-louse.  702. 
HebridtE,  693. 
Hebrus,  693. 
Hooalus,   737. 
Hectarthruui,  301. 

Hedyohridium,  183, 
Hedyohrum,  183. 
Heleoooris,  713. 
Helicomitus,  160. 
Heliocopris,  246,  249. 

Helomyza,  636. 
Helomyzida;,  636 
Helopeltis,  706. 
Helophilus,  Ixv. 

Helophorinse,    285.        <• Helota,  302. 
Helotidae,  302. 
Hellula,  619. 
Hemerobiidee,   146. 
Hemerobiinee,    153. 
Hemichionaspis,  762( 
Hemicordulia,  125. 

Hemiops,   334. 
Hemiptera,  006. 
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Henioocephalidffi,  (19(i. 
HcnioocepliHluH,  69(1. 
Henleya,  80. 
Hepialida>,   541. 
Heptodonta,   2(11. 
Horiados,    22U. 
Hcrse,  4(17. 
Hcsperiida;.   429. 
HeteraoriH,  87. 
Heterartliron.   310. 
HotPraspis,    359. 
Hetei'ocora,    432. 
Heterooerida;,  312. 
Hetorot'pru>(,  312. 
Heterooha-tula,     (19. 
HetoroderPH,    334. 
Heterogamia,  HI. 
Hotorogastrina?,  (188. 
Hoterographia.   513. 
Ilotcromora,   2;iS.  334. 
Heteroneuridsp,  (>38. 
Hctproptera,  (1(17. 
Heteroptornis,   83. 
Hcterorrhina.  257. 
Hpterusia,  503. 
Hpxdrthrius,  245. 
Hiprodula,  04,  (19. 

Hiei'oglyphus,  87,  vii 
Hilara,   00(1. 
Hilda,  727. 
HimatismuH,  337. 
HippoboMca,  Ixix,  Ixx,  (155. 
HippoboHOidsp,  (154. 
Hippobospinep,  (15(1. 
Hippotion,  4(19. 
Hirmonoura,   597. 
Hinpa,   363. 
Hister,  293. 
HiHtpridae,  292. 
HodotcrmeB,  120. 
Holcoraymicx,  220.  229. 
Holochlora,  92. 
Hololepla,  293,  294. 
Holoparamecu8,    298. 
HolopliJinsD,  698, 
HoloptiluH,  698. 
Holopyga,   1 83. 
HoloBUH.   289. 
Holotricha,    254. 
HomaloblpmmuD,  104. 
Homalomyia,   641. 
HomoeoceruH.    Ixzvi,      (166, 
680,  682. 

Hoinoptcra,  452,  zxxiv,  717. 
Hoplasoma,  362. 
Hoplia.  253. 
Hoplionota,   367. 
HopliHtodera.  Ixxiii 
Hoptoplpura,  764. 
Hoploatcrnui),  254. 
Hotea,  Ixxii,  673. 
House-flies,  642. 
Household  Insects,  33. 

Ho»    Insects  protect 
tlicmselves,  521. 

Hyblasa,  458. 

Hybos  605. 
Hybosoru^,  251. 
Hydaticut.  275. 
Hydrobiiiia',  285. 
HydroPurapiiiH!,  515. 
Hydrocantlius,  275 
Hydropoptus,  275. 

Hydi'omotrii.  09,1. 
Hydromptriilie,  094. 

Hydromyxiiia".  040. 
HydrophilulH',  2811. 
Hydiopliiliw.  283,  284. 

Hyd  lopoi'UH,  275 
Hydrnpsyrhc.  159. 
Hydrovalus,  275. 
Hydrosus,  285 
Hyplopsis,  455. 
Hylosiiii,  395. 
Hylobasnus.  342. 
Hylobiina",  38(1. 
Hylodps,  454. 
Hylojihilus,  342 
Hyrapnopt<'ra,  1(11. 
Hymenopns.  (18. 
Uyraetps,  358. 
Hyostola,  ,53(1. 
Uypatima,  530. 
Hyppna,  458. 
HvpeninsD,  467. 
Hypeia,  383,  385. 
Hyporalonia,  20(1,  599. 
Hypprerylhra,  xli. 
Hypprops,  337. 
Hyphoponis,  275. 
Hyphydrun,  275. 
Hypodpima,  (153. 
Hypnewhrm,  372. 
Hypolimnas.  413. 
Hyposidra,  474. 
Hypfauchenia,    730. 
Hypsa,  463,   xxxix. 

HypsidiB,  402 
Hypsipyla.  514. 
Hvpiopygia,  215,  515,  Hi. 
Htibertiella,  685. 
Hulecoetomyia,  574. 
Humbertiplla,  69. 

Icaria,  21.3,  214. 
[perya,  Ixxxii,  768. 
IchneumomdJD,  177. 
Identification  of  speoimens 

15. 

Idgia,  325. 
IdU,  646,  Ixix. 
Idiocerus,  736 
Idiococcine,  767. 
Idolothripa,  644. 

Uoma,  437. 

Uletioa,  340. 

India,  Entumulogioat  ool- lections  in,  18. 

India,  Bntomolugipal  pub- 
lications in,  18. 

India,  Entomology  in,  17. 
Indian  Inscpt  Posts,  20. 
Indian  JVIuscum  Notes,  19, 
Inglisia,  755. 
InKocts  a'Kl  I'Mowers,  222. 
Inspots  an  I'ood,  270. 
Insppls,  definition  of,  1. 
Instinct  and  Habit,  2. 

I))hita,  091. Iranthu,  702. 

Iridomyrmex,  230. 
Inbarla,  503. 
iMchnogonaloH,  182 
Isphyja,  464. 
iHmcninip,  431. 
iMorentiis,  519. 
iKonietopina',  707. 
iHsina*.  727. 

TsyiiduH,  701. iMwara,  192. 

Ithytnchia,   159. 
Ixias,  418. 

.Janspnia.  2(i1. 

.Injjygidft'.  44. .lapyx.  44. ,)aHNida>,  734. 

.Jassina),  737. 

.lulndis.  328,  330. 
■hinonia,  412,  xxviii 

K 

R.»iiima,  415. 
Kptumala,  728. 
Kolbea,   121. 
Kolla.  737. 
Krisna,  7.37. 

liubia,  53 
Labidura,  53. 

Lac,  759. 
].iacpouooteH,  275. 

Laccophilus,  275. 
Lnccoptera,  367. 
l.diccotrephe<i,  710 
Lacera,  454. 
Lace-wins  bugs,  002 

LachnophoniN,  (iSS. 
I.dU!hnost«ma,  251 
Lacon,  334. 
Ladybird  Beetles,  sua. 
Lslui,  469. 
Lnmophloeux,  301, 
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Lsptnotmetui,  301. 
Lagrin,  340. 
Lagriids-.  340. 
haius,  32.'). 
Lamelhcorniii.  237,  241. 
l>amiinee,  370. 
Lamoria.  50i(. 

Larapidc*.  427,  420. 
Lampioplioru".,  323. 
Lanipyns,  323. 
].,aiKln'iia,    104. 
Lttnguriina-,  303. 
]>a})hriiia',   004. 
JiardilcH,  300. 

Lfti'ginaf,  (MM. 
Lrtirra,  x. 
Ijasiooatnpidw.  41t(i. 
Lamodoi'ma,  31i),  xix. 
Lasjieyi-esia,  .'iSO,  598,  liv. 
Lathridiidsp.  21)8. 
Lathiidius.  2!IR 

UaNerua,  .')3(i. Luwana,  727. 
Laxonoceift,  Ixiii. 

Leaf-eating  Beptli"!,  3,")l. Leat-eating  InHeuts,  2!1. 
Lcbia.  2(«> 
Liei'attiuiii,   753,  750. 
Ledra,   735. 
LndrinsD,  735. 
Leicosteria,  574. 
Lema,  3fU,  3.V) 
L<einoniidu>,   415. 
Lrpidiota,  254. 
Lcpidoptera,  397. 
Lepidonaphes,  757. 
Lppidotomyia,  .574. 
LepiHmn,  45. 
LepiHinidffi,  4.5. 
Lcpiuni,  123. 
Leptidee,  591. 
Leptintp,  592. 
Leptiti,  591. 
Lcptinpa,  304. 
Leplobclus  729. 
Leptocentrus.  731. 
lieptocerud,  159. 
heptoohiniH,  289. 
Leptooorisa,  680,  084. 
Leptogatiter,  003, 
LeptomydaB,  602. 
Leptosia,  417. 
Lepturini,  370. 
Lepyrodea,  518. 
Lpatremiinae,  583. 
Lethe,  409. 
Leuoania,  446. 
Leucinodea,  518. 
LeucocraMpedutn,  289. 
Leuooma.  462. 
JiNoomigtiM,  38((. 
Iiouootnyia,  574. 

Leuoophea,  61. 

Leucophlebia,  468. 
Leucoptera,  .538. 
Liaoos,  193. 
Libumia,  728. 
Libytheintp.  415. 
Lice,  762. 
Limarodida;,  498. 
Liraiiprium,  177. 

Limnubiinec,  579. 

Liranophoia,  ()41. 
Limosiiia,  621. 
Liiia.  360. 

Linugnntbinee,  764. 
Liiiognathuh,  764. 
tliogiylliiN,  97.  104. 
Lipniida',  459, 
LippuuiN  111. 
LipopteniiiK,  656. 
Lipuridcp,  43. 
LiriK.  202. 

J/iMpe,  641. 
Lita,  535. 
LithocollctiH.  537. 
Lithdhia,  437. 

Litlmigu*.  218. 
Lixus  3a5. 

Loboppltn.  226.  228. 
Locust  a,  83. 
Locustidfe,  47,  91. 

Loe{m,  477. 
Lohita,  691. 
Lnncba-a,  ((36. 

Lonchoplei'ida!,  009. 
Longicornia,  368. 
Lophopino-,   726. 
LuphoNoma,  502. 
Loxoblemmus,  104. 
Ijoxoneura,  635. 
Luranidcp,  243. 
Lucanu't.  244. 
Liicemuta,  ,S23. 
Lupilia,  643. 
Luciola,  324. 
LuminoKity  iii  InaectH.  321 . 
Luperomorpha.  361. 
LytaenpHthcB,  429. 
LycRnidcp,  423. 
Lycastris,  Ixv. 
LyrinsD,  323. 
Lycogaster,  182. 
LycoatomuB  323. 
Lyc'tojtylon,  313. 

Lygeeids?,  685. 
LygajuH,  686. 
Lygropia,  518. 
Lymantria,  460. 
Lymantriido-,  459. 
Lymexylonidep,   327. 
Lyticbia,  656. 

Lyperosin,  (547. 
Lyioda.  x. 

M 

Mauarin,  474,  xli. 
MachasrnU,  Ixxix.  733, 
Maebilidfp,  44. 
Marrataria,  342. 
Maoroceriuee,  586. 

Macrodactylini,  2,')4. 
MacTogloHHum,  469. 
Macroljous,  320. 
Maciomeiib.  194. 
Macronota,  258. 
Macropes,  687.  (i88. 
Macrnsiphum,  180,  746. 
Macrotoma,  371. 
Mndasumma,  105. 
Mal.aHpna,  491. 
Malacbiina>,  32!}. 
Malaeodprmata,  319. 
Malacodpimida!,   319. 
Malaria -uarriers,  572. 
Malaria  intpction.  570. 
Mallophaga,  110. 
Man,  Inaects  and,  35. 
Mansonia,  575. 
Mansonioidph,  .57.5. 
MantidtP,  47,  64. 
MantiHpa,  153. 
Maraxmia,  21,  516. 
Marine  Insects.  ,33. 
Maruca,  519. 
Masicera,  Ixviii. 

Mastiger.  288. 
Matapa,  431. 
May  flies,  1,37. Mazarredia,  81. 

Mealybugs,  752. 
Mealy  wings,  748. 
Meeopoda,  91,  96. 
Megftchile,   183,  216,    219, 

220,  xii. 
Mogaroelum,  707. 
Megalocoresa,  707. 
Megalomma,  201. 
Megalopinee,  357. 
Megarhym'huB,  Ixxiv,  678. 

Megaspis,  Ixv. 
MegiBba,  429. 
Megvmenum,  678. Melambia,  300. 
Melandryidse,  341. 
MelanitiH,  410.  zxix. 
Melanophara.  673. 
Melanophthalma,  298.  • 
MelanoteluN,  687. 
Melanotrichia,  169, 
Melanotus,  334. 
Melioharia,  727. 

Melipona,  221. 
Molittia,  529. 
Meloe,  345. 
Moloiniorpba,  105. 
Melolontha,  254. 
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Melolonthid*,  252. 
MelyrinJe,  325. 

MelyriH,  'i'iH. Membraeidep,  729. 
Membracinsp,  731. 
Menopon,  III. 
MerinmodcriiH,  207 
MerorhloropH,  ((27. 
Mesomorpha.  33ti.  SHil. xxi. 

JMp><ovelia,  ((04. 
Mes«on  2(!(i. 
MetnriinthuH,  (185. 

MptjnHhlna.  4«7. 
Mctn^'ia,  .')2(),  In. 
.Mctnthrinca.  JiST). 

Mftatropis,  ((8.">. Mpthles,  275. 
Metlioca,    102. 
Mrtialma.  :{80 
Metriotm.  3(>(l 
Miastor.  581. 
Micranina.  174. 
MitTobraoon,  180. 
MicrocephaluH,  (ri4. 
MicrodputPiTih,  ((70. 
Miprodon,  Ixv,  (ill. 
MioroduH,  170. 
Miorolepidoptera.      432, 

501 
Mioronecta   71  <i. 
Micropezidtp,  ((31. 
Microthiix,  614. 

Miorovelia.  ((0.">. 
MiKn^iixxia.  208. 
Migration,  410. 
Miltochrista,  437. 
Miltogramma,  Iwiii,  (!51. 
Mimastra,  302. 
Mimcla,  254. 
Mimicry,  621. 
Mimoniyia,  ,575. 
Minerrt.  Leaf    and    iStom, 

20. 

Miresa.  500. 
Mirins,  707. 
Moma.  452. 
Monanthia,  692. 
MonohammuH,  370. 
Monoinma,  340. 
MonommidgF,  340. 
Monomorium,   220,  220. 
Mononyx,  709. 
MgpophlebvR,  Ixxxiv,  757. 
MnnotoroidK,    300. 
Mordpllid«,  343. 
Morphinae,  410. 
MosquitoB,  564. 

Mosquito'n  probo.iciN,  565. Moths,  397,  432. 
Muoaria,  737. 
Muoidus,  S74, 
Mudaria,  447. 

Mucia.  470. 
MuHca.  2(H).  ((42. 
MuHeidfc,  ((42. 
MuHPoidH.  B14. 

Mutillii,    la"),  210.  xiii. 
Mutillida".    185. 
Mycalesis,  408. 
Mycetobiinw,  585. 
Myt'elophagida',  303. 
Mycetophila,  584. 
Mycetojihilida'.  583. 
Mydaida-.  (((»2. 
.MvlabriH.  343.  .U"). 
Myllocprus,  S83,   .'(85. 
MyophnnPH.  ([08 
MyopsoeuK,    123. 
MyrnipcopyHtiis.    232. 
Myrmet'opliiln.   101. 
MyrmerophiloHH  IiiHPotK. 

34.  2(18. 
Myrmedonin.  201. 
Myrmp|po,   148. 
Slyrmipanu,  228. 
Myrinicinep.  228 
MytilaHpiH.  7(10. 
Myzine.   103. 
Myzomyia,  .'J74,  Ix. 
MystorliynchuK,  ■'>74. 

N 

Nabis,   702. 
Nnondiiba,  420. 
Nncoloia,   517. 
Naranga,  45((. 
NariPUH,  257. 

Natada,  iMK*. 
Naucorids",   712. 
Npcrobia.  286. 
NecrodcH,  286,  32(1. 
NecrophorUH,  286. 
NecroHC'ia,   71. 
NeotocoriH,  714. 
Neelide,  43. 
Mpmeobiide,  415. 
Nemeatrinidje,  506. 
NemobiuH,   104. 
Npraocera,  548. 

Nemoptera,  l.'>2. 
Npmopterinffi,  151. 
Nemutoig,  540. 
NeocaHtniide,  501. 
Neooellia,  574. 
Neocerambyx,  377. 
Neocollyris,  261. 
NeodartUK,   737. 
Neomacleaya,  574. 
NeopithecopH,   420. 
Neoris,  477. 
Neotrioza,  743. 

NephantiH,  535. 
Nephele,  468. 
Nephopteryz,  S14. 

NephoteKix.    738. 
Ncpidw,  710. 
Nepita.  437. 
Neptix.  411. 
NfptoHtprnuH,  275. 
NpuroctPniiN,    (tH2. 
NeuroinuH,  144. 
Npuronia.    150. 
N'purop(pm,  108. 
Nevrina.  517. 

Nrr.ara,  '^i7i(. NirimiN,   III. 
NiHai{a.  471. 

NiMia,  72(!. 
NiMotra.  203. 
Nitidulidac.    205. 
Nnrtuidip,  440. 
NoptuiriO'.  453. 

NiMlaria,  4.'58. Nodiiia,  350. 
N<HlnH(onia,  .VtO. 

NodynUK,  287. 
Nolii,  436 
Norapiiclaturc,  15. 
Nnmia.  218. 

Nomopliila,  510. 
Nonanria,  180,448,  xxxvii, 

xlvii. 

Noorda,  520. 
Norellinsp,   640. 
Notadoma,  2fl4. 
Notanatolioa.    150. 

Notiphila,  625. 
Notodontidx,    471. 
Not(iK»nia,  201,  x. 
Notoiu'cta,    716. 
Notonpptidip,   715. 

Nypteraera,  463. 
Nyt'toribiidH>,   ((56. 
Nyotipao,   4.50. 
Nymphalide,  404. 
Xymphalinac,  410, 
Nymphula,    515,  xlix. 

NyaiuH,  687. 
NyHHorhynohuH.   574. 

Nyzut,  748. 

OchcKlteuH,   251. 

Uchrotnyia,  Ixix,  ((43. 
Ormara,  478,  484. 
OdoiporuK,  382.  mo. 
Odonata,  126. 
Odontodeti,  449. 

Odontopug,  601,  092. 
OdyneruR,  183,  213. 
(Ecanthus,  106. 
(Eoophorina,  536. 
(Eoophylla,  220,  2S0,  233. 
(EdaleuN,  83. 
CEdematopoda,  S37. 
(Edemeridae.  342. 
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(Edipodinee,  83. 
CEHtridsp.   651. 
(E«trus,  «62,  Ixix. 
Oides.  3t)I. 
Olenccamptus,  376. 
OltcfHiinte.  <)•>•>. 
OlinniH,  725. 
Olibrufl.  294. 
Oligotomn,    113. 

Olifjotrophus,   582. 
()mmadm>*.   32t). 
Draplmlc,  174. 
Onoocephahih.  "Ofl. 
Oiicodes.    59(1. 
Oncomera,   343. 
Oniticelliih,  250. 
Onitis.  249. 

Ontho])ha(!U'<-  249. 
Onychia,  UMi. 

Opntriim,  335.  337.  xxi. 

OphidciPs.  4.'i5. 
Ophionoa,  2fi5. 
( )phioniniie.    178. 

Ophiusa,45l. 
Ophyra,  641. 
Opilo,  327 

Opojjonn.  .">49. Orei'tocheilus,    281. 
Orcuma,  747. 
Oretn,  504. 
()me1t)W8.  102. 

Omeodida'.  526. 
OmithobKis,   111. 

OmithomyiinBB,   656. 

Oiphnephilida!,   589. 

Orphnuf,    251. 
OrBotrioena,  409. 
OrtalidtB,  635. 
Ortalis,  636. 
Ortheziinee,  757. 
Orthoptera,  47. 
Orthorapha,  545,  648. 

Orthorapha       brachycern, 
589. 

Orthostixintt.  475. 
OrthriuB,  327. 

Orychodes,  392. 
Oryctes,  255. 
OryotopuB,  94. 
OryBaioffi,  164. 
OflciniB,  626. 

OsmyluB,  153. 
Ostomidse,  299. 
Othnius,  840,  XXI. 
Otiorhynchinte,  384. 
Oxya,  88. 
Oxyambulyx,  468. 
Oxybelus,  209. 
OxyoftTenuB,  688. 

Oxyoetonia,  258. 

OxyrliiMsWB,  Ixxviii,  731. 0«otrio7.a,  743. 

PachnephoruB,  359. 
Pachyocra,  337. 
Pachygaster,  Ixi. 
Pai'hygaBtrinte,  591. 
Paohygrontha,  688. 
Pachylister,  293,  294, 
PachylomeluB,  293. 
Paohyonyx,  389. 
Pnehysternum,  286. 
PaohytyluH,  83. 
Pachysiancla,  519. 
Padraona,  431. 
Ptederus,  290. 

PalwologUH.  685. 
Palingenia.  139. 
Palpares,  149. 
Pamela.  688. 
Pumphiliiiffi,  431. 
Pangonia,  Ixii.  595. 
Panorpa,   145. 
Panorpidse,   145. 
PaneHthia.  61. 

Papiho,  422. 
Papilionidse.  421. 
Paracopium,  692. 
ParagUB,  Ixv. 
ParalimnuB,  738. 
ParameoopB,  386. 
Paraneraobius.    104. 

Paraphrus,  371. 
Paraponyx,  516. 
Parasa,  500. 
Parasites,  external  of   ver- 

tebratoB,  30. 

Parasites,  internal  of   ver- 
tebrates, 30. 

Parasites  of  inseotfl,  30. 
Paratettix,  81. 

Parevaspis,  220. 
Parlatoria,  760. 
Parnara,  431,  xxxiii. 
ParnidsB,  313, 
Pamopes,  183. 
Paromius,  690. 
Paropsides,  360. 
ParygruB,  313. FaBsalidffi,  242. 
Patisous,  105. 
Pauropsylla,  243. 
PausBidte,   26B. 
Peaoh^y,  632. 
Pea-stem  fly,  622. 
Pecomyia,  574. 
PedicinuB,  763. 
Pediculida-,  762. 
Pedioulus,  Ixx,  763. 
PedilinsB,  342. 

Pelogonidee,  709. 
PelogonuB,  709. 
Pelopoeus,  183. 

Pemphigus,  746. 

Fenia,  334. 
Pentarthrum,   173. 
Pentatomidse,  668. 
PentatominBP,  675. 
Penthe,  341. 
Penthimia,  737. 
Pericallia,  438. 
Periooma,  558. 
Perientomum,  123. 
Porina,  4«1. 

Poriplaneta,  67,  208. 
Porlidas,  124. 
Phaoopteron,  743. 
Phacosewa,   743. 
Phtedon,  360. 
Plisenomerus,   389. 
Phseochrous,  251. 

Phagomyia,   574. Phalacra,  504. 
Phalacridse.  294. 
Phalai-rus,  294. 
Phasgonuridse,  48. 
Phasmidw,  47,  71- 
Phaasus,  541. 
Phelister,  293. 
Phenaooccus,  308,  759. 
Phenioe,  726. 
Phidodonla,  xxiii,  365. 
Phidole,  226,  229. 
Phidologiton,  226. 
Philtematomyia,  Ixx,  647. 
PhilampelinK,  468. 
Philanthus,  209,  x. 
Philhydrus,  285. 
Phlebotomus,  Ixx,  599. 
Phloeobius,  380. 
Phloeothripidte,  544. 
Phloeothrips,    544. 

Phlycttenodes,  520. 
Phora,  608. 
Phoridse,  608. 
Phromnia,  727. 
Phthirius,  762. 
Phthorimsea,  535,  Ivii. 

Phyoita,  180,  514. 
Phyoitinte,  512. 
Phyoodes,  538,  Hi. 
Phycodromidte,  637. 

Phyous,  Ixii,  601. 
Phylaitis,  389,  xxvii. 
Phyllium,  72. 
Phyllooephftlinse,  678. 
Phyllodromift,  60. 
Phyllognathus,  256,  x^v. 
Phyllothelys,  69. 
Phymateus,    83. 

PhymatidK,  696. PhymatOBtetha,  733. 

Physomerus,  683. 

PhyBopelta,  691. 
PhysopuB,    544. 
Physorhynohus,  700. 

Phytomyza,  623. 
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Phytophaga,  238,  348. 
Phytophthiie^.  740. 
PhytoHoaphiw,  385,  xxvii. 
Pieridte,    416. 
Pieria,  416,  418. 
PiezodoruH,  Ixxiv,  676, 
Pimpla,  177. 
Pionea,  620. 

Piophila.  630. 
Pipunoulidee,  612. 
PipunouIuB,  Ixv,  614. 
Piiates,  700. 
I'iBon,  200,  X. 
Plift»Kternuin,  lxxi\. 
Plaf?iodera,   360. 
Plataspidins!,  671. 

PlntydaotyluK,  39.'5. 
Platydema,  339, 
PlatygaHter,  16». 
Platylister,   293. 

Platynectes,  27.'>. 
PhityiiolUH,  xxi,  337. 
Platypeza,  Ixv. 
Platypezidoe,  612. 
Platy pleura.  718. 
PlatvptiUa,  528. 
Plafypiia,  364,  365. 
Platypus,  395. 
PlatyrhopaluH,  267,  xvi. 
Platysoma.   293. 
Platystolea,  45. 
Platyura,  584. 
Plautia,  Ixxiii. 
Plea,  716. 
Plecia,  587. 
Ploooptera,  4.54. 
Pleoticus,  Ixi. 
Pleotronemia,  159. 
PlectroMlernus,  334. 
PlooederuK,  373. 
Plotheia,  449. 

'Pludia,    177,    452,   xxvui. xxxvii. 
Plutella,  538. 
Podagrion,  176. 
Podontia,  360. 
Podopfi,  Ixxii,  673. 
Poduridse,  43. 
Foeantius,  689. 
Poecilocera,  84. 
Poeoiloooris,  Ixxii.  672. 
PoeoilogonaloB,  181. 
PoeoUoBoytus,  707. 
Foliii    446. 
PolJsteB,  214,  396. 
Polposipus,  337. 
Polyoaoninse,  318. 
Polyotenea,  657,  705. 
Polyctenidte,  705. 
Folydesma,  463. 
Polymorpha,  237,  281. 
Polymorphanismus,  159. 
Polyouhu,  612,  xlWi. 

PolyommatuB,  428, 
Polyphnga,  57,  61. 
Polyplax,  764. 
Polyptyohus,  4(i8. 
PolyrhachiH,  226,  231. 
Polytela,  445,  xxxiv. 
PolytoxuB,  699. 
PolytuH,  390. 
Pompihdee,  194. 
PompiluH,  196. 
Ponennte,  228. 

Poophilus,  733. 
Popilia,  254. 
PortheHia,  460,  .\x\iii. 

Predate™,  bitmgand  suck- 
ing, 31. 

PrcdutoiH,  Htingiiig.  31. 
Prenolopm,   231. 
Prionini,  370. 
PrionoceruB,  325. 

PrioptiTu,  367,  xxiv. 
Piiotyraniius,  371. 
Pr<»ometis,  536. 
ProototiypidtB,  168. 
PiodatiouH,  275. 
Prodenia,  447. 

Prodvyinus,   170. 
ProniachuB,  Ixiii. 

PronyHHu,  261,  xvi. 
PropnthalmuH,  393. 
ProBopis,   216. 
Piostomma,  702. 
Protwtia,  258. 
PiothyBa,  261. 
Protolepidoptcra,  432. 
Protoparce,  467. 
PBelaphidse,  287. 
Pselaphini,  288. 
PselliophoTa,  Ix. 
Pneudagenia,  194. 
PseudocolaBpis,  369. 
PHeudogonafoB,  181. 
PBeudomorphinse,  264, 

PHeudophlceino',  683. 
Pseudophylline,  96. 
PBeudoBingliala,  265. 
Pseudosphinx,  467. 
Pseudotheobaldia,  574. 
PBilidjE,  i!29. 
PBilogramma,  467. 
Psiloplera,  328,  330. 
PsilopuB,  Ixiii,  608. 
PBocide,  121. 
Pbocub,  123. 
Psoinee,  316. 

PByche,  493. 
PBychidte,  491. 
PBychoda,  557. 
Psyohodidte,  567. 
Psychotoe,  433,  xxxiv. 

pBylla,  742. 
PByllidtB,  742. 
Ptonidium,  292. 

PteromaluB,  174. 

Pteropkoridee,  526. 
Pteropllntua,  101. 
Pterospilus,  606. 
Pterothysanidee.  468. 
PterothysanuB,  458. 
Plilinum,  546. 
Ptinidse,  317. 
PtiuuB,  318. 

Ptyohopterina-,  579. 
PtyoluB,  733. 
Puld\riphy\Uun'.  74. Pulox,  Ixxi,  658 
Pulse  Beotles,  348. 

Pulvinarin,  Ixxxii,  7,'>9. 
Pundaluoyn,  728. 

Pupipain,  548,  664. Pui-ohita,  728. 

Pyouosomii,  Ixix,  643. 

PyralidtB,  .50.5. I'yralis,  516. 

PyraUBta,  520. 
J'yraustuiH',  516. 

Pyrellia,  645. 
Pyix'topht'UK,  574. 
Pyrgoinorplia,  83. 
Pyrilla,  171,  723,  727. 
Pyroohroa,   341. 
PyrooliroidaB,  341. 

Pyrophauea,  324. 
PyropB,  724. 
Pyrrhocoridw,  690. 
Pyrrhocorina!,  691. 
Pythidoe,  341. 

Radioculex,  .575. 
Rahinda,  411. 
Ranatra,  711. 
KandolotUB.  678. 

Raparna,  467. 
Raphidiinoe,  144. 
Ratarda,  494. 
Ratardidee,  494. 

Raytnoudia,  6.57. 
ReduviidsB.  697. 
ReduviuB,  699. 
Reedomyia,  574. 
Remigia,  460. 
ReMpii'atiou,  131. 
Rhabdocheeta,  034. 
Rhagophthalmidffi,  327. 
HhagophthalmuB,  327. 
RhantuH,  276. 

Rhinopsia,  227. 
Rhipicera,  327. 
Rhipicehdee,  327 
RhipiphoruB,  343. 
Rhizobiini,  306. 
RhizobiuB,  748. 

Rhizopertha,  316, 
Rhodia,  477. 
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Rhodoneurn.  505. 

RhodoRastrift.  439, 

Rhogas,  180. 

Rhomborhina.  257- 

Rhopalooeia.  401. 

Rhopalos.iphu'n.  74S. 

Rhyacophilft,  150. 

Rhynchina,   458 

RhynchiteB,    387. 

RhyncWum.  212. 

Rhynrholaba,  400. 

Rhynohomyia,  645. 

Rhynchophora.  2«8'  
■^'"• 

Rhynohophoruh.  3«l
. 

Rhynchota.  «n5. 

Rhyothemin.  128.  i^
"- 

Bhyparobia.  fil. 

RhypWda.  580. 

RhyphuB.  580. 
Rhysodes.  272. 

Rhyttodidse,  272. 

Rhynfta.  178. 

Rhyiwemua,   251. 

Rhytinota,  337. 
Ricania.  727. 

Rice-ftteni  fly.  "^8. 

Ripfrsia,  75fl. 

RiptortUR.  Uxvi,  «84.
 

RUoba.  449. 
RivelUa,  «35. 
Rcenelia,  43B. 

Root -borers,   30. 

Root-eatins  insects,  iv. 

Root-sucking  insects.  J"-
 

Rove  Beetles,  288. 
Rutelinsp,   254. 

B 

Sagra,  354. 
Saiointe,  «90. 
Salassa.  478. 

Halda,  6»6. 

Saldidae,  B»6. 
Salius,  196.      ̂  

Salyavatinte,  n9». 
Sandalus,  334. 

Randtacottus,   275. 

Sangatissft,  471. 

Saprinus,   294. 

SapromywdtB.  63«- 
Saroophaga,  ««."'*?,• 

Sarco5ha«d«.  642.  «48,
 

Saroopsyfla,  Ixxi,  659.
 

Sargine.  590 

Sargus.  Iw.  689. 
Sarrothripinw,  449. 

,  .Saatragala,  679. 

Sostnipadft,  699. 

SathrophyllU,  96. Satumia,  477. 

Satumilde,  475. 

Satyrine,  408. 

INDEX, 

SauBsurella,  81. 

Scale  Insects,  752. 

ScantiuB,  691. 

Scaphidiidee,  292. 
S(!aphidium,    292. 

Scapsipedus,    104. 
Scarabteidse.  245. 

SoarabteuB,  248. 
Scaritinte,  266. 
Soarites.  xvi     ̂  

Scatophaga.  Ixvii,  «3!l.
 

Scatophaginse,  640. 
Scavengers,  32 
Kcelimena,  76.   81. 

Scelio.  169,  174. 

Sceliphron,     183,  105.  200
. 

204.  600. 
Soelodonta,  358. 

Soenopinidtc.  600. 

ScenopintiB,  Ixui,  l"W- 
Schistoperra.    86. 

Schizocephala.     68.     '»'• 
Hohizodactylus,  93,  »*. 

Schizoneura.  746. 
Schi7.onycha,   254. 

Sohizopnora,  548. 
Schoenobius,   511. 

Sciara,  ."SSS. 
Sciomyza,  637. 
Sciomyzidse,  637. 

Sciopbilinse,  585. 
Soipinia.  702. 

Sciipophaga,  177,  170,  511, xlvii. 

Soleron,  337,  xxi. 
Scolia,  103. 
SooliidtB,   192. 

ScolytidiB,  393. 
Soolytinw,    395. 

Soopariinse,    516. 
Scorpion  flies,   145. Soiaptia,  342.  .. 

Seutellera,    69,  Ixxii,  669, 672. 

Soutellerinte,  672. 

Soydm«nid8e,  287. 

Scydmtenus,  287. 
Scymnus,   307. 
Seed-eating  insects,  Z». 
Selasia,  325. 

Selenooephalua,  738. 

Sepedon,  637. 

Sepsidffi,  630. 
Sepsis,  Ixvii,  6,30. Serioa,  253. 
Serinetha,  684. 
Sesiidte,  528. 
Sesiine,  468. 
Setodes,  159. 

Setomorpha,    540,  xxviu. 
Sex.  188. 
SialidK.  143. 
SUii.  aao,  384. 

Silk,  485. 
Silpha,  286. 
Silphidse,    286. 
Silvanus,  301. 
Sima,  227,  229. 
Simffithis,   538. 

Simplicia,  457. 
Simuliidse,  587. 
Simuliuin.  Ixi,  Ux,  587. 

Sinoxylon,  317. 

Hiphonaptera,  548,  Wil.
 

Siphonophoia,  748. 

Sirex.  1«4. Siricidsp,   164. 

Sisyphus,   248. 
Siayrini,  153, Sitalia,  204. 

Sitodrepa,  318. 

SitotrogB,  535. 
Size  of  insects,  169. 

Skippers,   429. Skusea,  .'575. 

Sleeping-sickness.   645
. 

Smynthuridte,   43. 

[ISr^^fm   220. 
Song  in  insects,  720. 
Sostea,  313. 

Spalgis,  425. 
Species,  number  ot,   i*.

 

SpereheuR,  285. 

Sphasridium,    286. 

Sphecodes,  218. 

Sphegidte,  190. 
Sphenarohes,  180,  oio.

 
Spbendale,   69. 

Sphenoptera,   174,  330, 
 xx. 

Sphex,  200,  207. 

Sphingid,  xxvui. 
Sphingidse,  464. 

Sphingomorpha,   45.
1. 

Sphingonotus,   83. 

Sphyraoephala,  n^
». 

Spilogaster,  641. Spilosoma,  437. 

Spirama,  451. 
Spiredonia,  454. 

Spodoptera,  448. 

Squame,  656. Stag  Beetles,  243. 

Stagmatophora,    MO
. 

Stapbylinidw,   288. 

StaphyUnus,  m. Stathmopoda,   oil.     ̂  

Stauroptts,  472. 

Steganomus,  xm. 

Stegomyia,  Ix.  57Z. 
Stem-boring   maects,   £«■

 

Stenaohroia,  510. 

Stenelmis.  313. 

Stenooephalus,  «»• 

Stenogywm,  676. 
Stonomin*.  536. 
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HUinopeltnatinK,   94. 
iStenopodinee,  (H>tt. 
Stenopsyohe,    150. 
Ht^phaniidoe,  180. 
Stornooera,   330. 
Sternoxi,  328. 
Stethomyia,  574. 
StethoxuH,  285, 
Sthetiitts,  375. 

StibBi-opuH.    Ixxiii,  (!75. 
Stietopterinap,  440. 
iStigmuH,  208. 
Stilbum,  182,  183,212. 
Stizus,  20H,  X. 

StomoSjBi,  209,  Ixix,   ('47. 
Storthecorw,  fi74. 
Straohia,  075. 

Strntiomyulie,  ."iSO. 
iSti'epsipleurH,  540. 
Stromntium,  373. 

Siyiopidee.  30.'). 
Stylopyt!ia.  58,  (il. 
Suana,   497. 
Sunstus,  431 

.Sub-troiiioa]  fnunn  definiHl, 20 

SuckTM,    Ije.if   and    Strm, 
29. 

Surra,  002. 
Swallow  tails,  421. 
Syoanus.  701. 
Syoobia,   174. 
Syoobiellu,    174. 
Sycophaga.   175. 
Syoophila.  174. 
Syooryctps,   174, 
SyciHoapta,  174. 
Sycosoaptella,   174. 
Sylepta.  517. 
SymmorphooeruH,   393. 
Sympptrum,  130.    • 
Symphoromyia,   591. 
Sympis.  454. 
Syndicu-f,  287. 
Syngamia,  517. 
Syntomidtf.  433. 
Syntomis,  434,  xxxiv. 
Syntoraosphyrum,  174. 
Syrphidse,  610. 
SystropUM,  Ixiii,   (MXJ. 

TabanidK.  592. 
Tabanuar  Ixii,  Ixx,  595. 
Taohardia,  Ixxxiii.    759. 
Taohinidse,  642,  649. 
Taohygphex,  x. 
Taohytes.  201,  x. 
Tseniorhynohus,   575. 
Tajuria,  429. 
Talicada,  429. 
Tanvmeoug,  384. 

TanypinoB,  564. 
Tapinoma,  229. 
Taraohe,  4.56,  xxxvii. 
Taraftame,  497.  xli. 
Tarphiofloma,  298. 
Tanicus.  427. 
Tasar.  479. 
Tosema,  502. 
Tplohinia.  415. 
TplenomiiK,  ItHl. 
Telo)ihorin«p.  323.  324 
Telipotn,  431. 
TpinnnHpis.  357. 
Temnoohila.  300. 
Tpmnochilidsp.  299 
Tenebrio,  337. 

TonebrionidH',  335. 
TeiiobroideH,  299. 
'rpnthredinidip.  105. 
Teiihrina,  474,  xli. 
TephritiH,   (134. 
Tpphrochlnmys,  030. 
Tpinpolu",  419. 
TpratoduH,  88. 
Tei'pbrantin,  .544. 
TprptrioHoma,  293. 
Tprptriim,   293. 
TprJHN,  419. 
TprmPH,  11.5,  119,  viii. 
Termites,  11.5. 
TermitidBB,  115. 
Termitodiscuh,  271. 
Tprmitophilouw       [iiRePts, 268. 

Termitoxenia,   142.  009. 
TerniopHiK,    110.    110. 
Tt'HsaratomB,     Ixxiv,     670, 677. 

Tetanocera,  637. 
Tptrarha,  261. 
TptragotKidpnw,  xvi. 
TetralanKuria,     303. 
TetraHtichuH,  173. 
Tetriginae,    81. 
Tetroda,   878. 

Tettigoniella,  '36. 
Tettigoniellinw,  730. 
ThalaHHodeH,  475,  xli. 
ThaumaHtopoeuH,  252.  2.57. 
Thea,  307. 

Thelyohs-ta,  645, 
Theobaldia,  574, 
Theophila,  478, 
Therates,    201, 
Theretra,   400, 
Thereva,  601. 
Therevidse,  601. 
Thermesia,  456,  677. 
Thiacidas,  460. 
Thomaotiiella,  738. 
Thoriotids,    302. 
ThoriotUH,   271,   302. 
Thosea.  490. 

Thripidee,  544. 
Thripa,  542. 
Throspidae.  331. 
Throsous.  331. 
Thunipllinus,  713, 

Thynnidte,  192, 
Thyraasia,  602, 
Thyrididffi,  605. 
ThyHanoptera,  642 
Thysnnnra,  43 TioltH,   662. 
TiKpr  BeetleB,  2.50. 
TilluK.    326, 

TitiB-gpriidte,   530, 
Tinea.   540. 
Tineidte,  531. 
Tineina".   538. 

Tingidsp.  092. 
Tipliin.   193. 
Tipulidw.   578, TirnHiaH,  311. 
TiHPherin.   540, 
TituboBa.    358. 
Tomioini,    395. 
TorloiHe   BeetloH,  3(10. 
Tortrioidsp,  529. 
Toxipuni,   338. 

Toxoptera,  747. 
Toxorhynphinff,  575. 
Toxorhynchites,  574. 
Trabala,  180,  498,  xhi. 
Traehylepidia,  509. 
Trachys.  331. 
Tree-borers,  liBt  of,  377. 
Tree-borini?  innectn,    29 
Tremex,  164. 
Tribelocephala,  699. 
Tribolium,   338. 
TriohiHia,  xvi. 
Triohms,  257, 
TrichodectpH,  111, 
TrichopalpuH,  691. 
Triohophthalma,  697. 
Trichoptera,    157. 
Triohopterygidae,    291. 
Trichogtomes,    368. 
Trioolyga,  661. 
Trioondyla,  261. 
Trictenotoma,    347, 
Triotenotomidce,   347. 
Tridaotylug,  99. 
Trigona,  220,  221, 
Trigonalidn,   181. 
Trigonidiam,    105, 
Trigonodeg,    451. 
Trilooha,  478. 
Trilophidia,  83. 
Trinotum,  111. 
Triozys,  174,   180. 
Trioza,  743. 
Triphlepg,  70S 
Triplax,  303. 
Trisula,  454. 
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Troohilium,  629. 
Trogints,  251. 
Trogoderma,  311. 
Trogosita,  299. 
Tiombidium,  80. 
Tropical     Fauna    defined, 

20. 
Tropiduohinte,  72B. 
Trox,  251. 

Trycolyga,  651. 
Trypanophora,  503. 
Trypeta,   634. 
Tryphoninie,    1 78. 
Trypetidee,  631. 
Trypetious,    293. 
Trypoxylon,  200.  202,  203, X. 

Tryxalis,  82. 
Tubulifera,  182,  544. 
Tur-pod  fly,  622. 
Tylooerus,  324. 
Tylotropidius,    75. 
Typhlocyba,  738. 

Udaspes,  432. 
Udugama,  725. 
inidia,  Ixvii.  635. 
Ulooerinie,  392. 
Uraniidae,  490. 
Urellia,  634. 
Urentius,  692. 

tJroohola,  679. 
Urodon,  350. 
Urolabida,  Ixxiv,  078, 

Urophora,  634. 
Urostylis,  679. 
Utotheiea,  438. 

Valgini.  257. 
Valleriola,  697. 
VanesHa,  413. 
Vartft,  738. 
Veliinie,  695. 
Velvet  AntB,  185. 
Venation,  553. 

Venpa,  214,  216,  xi. 
Vexpidffi.    213. 
Virachola,   424,   428. 
Volucella,  611. 

W 

Walkerella,    174,    176. 
Walkeriana,  768. 
Warble  flies,  661. 
Warning  colouring,   621. 
Weevils,   380. 
Where  Insects  live,  54. 
White  Ants,  116. 
WUd  Silk  Moths,  475. 
Wroughtonia,    180. 
Wroughtonilla,    271. 

Xanthochelus,   386,   xxvii. 
Xanthoptera,    456. 
Xenos,  396. 

Xiphydria,  164. 
Xyleborus,   393. 
Xylocopa,    217,    220,    346 xiii. 

Xyloperthi,    316. 

Xylopha^inee,  59$. 
Xyloryctinep,   635. 
Xylotreohus,  374. 
Xystrooera,  372. 

Y     -^
 

Yellow  fever,   672. 

Ypsololophus,    533. 
Ypthima,  400. 

z 
Zaeira,  467. 
ZaUssa,  440,  454,  xxwl 
Zamila,  727. 
Zeuzera,  494,  496. 
Zierona,  361,  677. 
Zinckenia,  516. 
Zizera,  426. 
Zones  of  insect  life,  20. 

Zoogeographical    divisions, 

20. 
Zygtenidae,   602. 

Zygopinie,  389. 

PHINTXI>  BY  THACKBB,  8FIKK  AKI>  CO.,  OALOl'ITA. 










